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1 .o PROJECT DESCRIPTION ,/, ‘,i” 

As requested by the U. 5. Navy, HALLIBURTON NUS has prepared this Quality Assurance Project Plan 

(QAPP) for a Remedial Investigation/Feasibility Study (RVFS) at the Naval Weapons Industrial Reserve 

Plant (NWIRP) facility, located in Bethpage, New York. 

HALLIBURTON NUS has established quality assurance/quality control (QA/QC) measures and a 

program to ensure that these measures are applied to the collection and interpretation of all 

environmental quality data at the NWIRP facility. The QAPP is designed to assure that the precision, 

accuracy, representativeness, comparability, and completeness (the PARCC parameters) of the data 

are known, documented, and adequate to satisfy the data quality objectives of the study. 

This plan represents the policies, organization, objectives, data-collection activities, and QA/QC 

activities that will be utilized to ensure that all data collected during, and reported by, this study are 

representative of existing conditions. Chemical analyses will be conducted by a laboratory 

subcontractor. The laboratory will have prior NEESA approval. QA/QC procedures for the chemical 

analyses will conform to or exceed the requirements of the NYSDEC Analytical Services Protocols 

(ASP) and will satisfy NEESA requirements for Level D QC. The Site and Data Management Plan 

outlines the procedures that will be followed for the inventory, control, storage, and retrieval of data 

collected during the performance of the RI/FS. 

2.0 RI/FS SCOPE OF WORK 

The Remedial Investigation (RI) will be performed to obtain representative hydrogeologic and 

environmental quality data capable of clearly defining conditions at the NWIRP facility. These data 

will be used to evaluate the nature and extent of potential contamination, and the risks associated 

with this contamination. Details of the RI, such as the approach, selection of drilling locations, and 

sample collection activities, are found in Section4.0 of the Work Plan. Descriptions of physical 

features and site use history can be found in Section 2.0 of the Work Plan. 

R-49-6-91-19 



3.0 SAMPLE MATRICES, PARAMETERS, AND FREQUENCY COLLECTION 

As part of the RI, environmental quality samples will be collected from the following matrices: soil, 

bottom sediment, solid waste, groundwater, and recharge basin water. A listing of the sample 

matrices, parameters, and frequency of collection is found in Table 3-1. Sampling protocols to be 

used in this study are provided in Section6.0 of this QAPP. As required by NEESA, a sampling 

rationale is included in Section3.0 and Section 4.0 of the Work Plan. All samples submitted for 

laboratory analysis (except for deep soil samples) will be analyzed for TCL volatiles, TCL base-neutral 

acid extractables, TAL metals and cyanide. Additional parameters are summarized in Table 3-l. 

4.0 PROJECT ORGANIZATION AND RESPONSIBILITIES 

/ -J 
HALLIBURTON NUS will be responsible for the overall management of the project, including the field 

inspection and conduct of all drilling and sampling activities. The identification and qualifications of 

primary HALLIBURTON NUS personnel are presented in Section 5.1 of the Work Plan. Personnel from 

Navy will be actively involved in the investigation and will coordinate with personnel from 

HALLIBURTON NUS in a number of areas. In particular, Navy personnel will offer input regarding the 

coordination and implementation of the citizen participation plan. 

4.1 Proiect Orqanization 

The key firms and personnel involved in the RVFS, as well as the chain-of-communication and 

responsibility of the project personnel, are as follows. 

Northern Division 
Naval Facilities Engineering Command 
U. 5. Naval Base, Building 77L 
Philadelphia, Pennsylvania 19112 
(2 15) 597-6280 

Frank Klanchar (Code 1423) 
Remedial Project Manager 

HALLIBURTON NUS Environmental Corporation 
Park West Two 
2100 Cliff Mine Road 
Pittsburgh, Pennsylvania 15275 
(412) 788-l 080 

Art Bomberger 
Program Manager 

R-49-6-91-19 2 
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TABLE 3-1 
FIELD AND QA/QC SAMPLES REMEDIAL INVESTIGATION 

NWIRP 
BETHPAGE, NEW YORK 

Number Number Number Number Number Number 
Total 

of of of Field of of Rinsate of Trip 
Number 

Analysis Analytical Method 
Samples Duplicates(a) Blanks(b) MS/MSD/LD(c) Blanks(d) Blanks(e) 

of 
Samples 

MATRIX - SOIL 

~ CLP sow I 

i CLP sow 

CLP sow 

CLP sow 

CLP sow 

SW846-9045 

MSA 29.3.5.2 

MSCH.13 I 

6 1 0 0 0 7 TOC 

6 1 0 0 0 7 Bulk density 

6 1 0 0 0 7 Grain size 

6 1 0 0 0 7 Water leachate 

MATRIX - GROUNDWATER 

24 5 1 2 3 5 40 TCL Volatiles CLP sow 

24 5 1 2 3 35 TCL BNA CLP sow 

24 5 1 2 3 35 TAL metals - total CLP sow 

24 5 1 2 3 35 TAL metals - filtered CLP sow 

24 5 1 3 35 Cyanide CLP sow 

3 1 * 1 1 

3 1 1 1 1 

7 Hardness EPA 130.2 

7 Alkalinity EPA310.1 
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TABLE 3-1 
FIELD AND QA/QC SAMPLES REMEDIAL INVESTIGATION 
NWIRP 
BETHPAGE, NEW YORK 
PAGE 2 

Number Number Number Number Number Number 
Total 

of of of Field of of Rinsate of Trip 
Number 

Analysis Analytical Method 
Samples Duplicates(a) Blanks(b) MS/MSDILD(c) Blanks(d) Blanks@) 

of 
Samples 

MATRIX - GROUNDWATER (Continued) 

3 1 1 

3 1 0 

0 1 6 TOC EPA415.1 

0 0 4 TDS EPA 160.1 

3 1 0 0 0 4 TSS EPA 160.2 

3 1 1 0 1 6 BOD5 EPA 405.1 

t 

I I I I I I I I 

3 I 1 I 1 I 0 I 1 I I 6 COD EPA 410.2 I 

3 1 1 0 0 5 

24 5 1 2 3 35 

MATRIX-SEDIMENT 

161 1111 1111 10 

6 1 1 1 1 10 

6 1 1 1 1 10 

6 1 1 1 1 10 

MATRIX - SURFACE WATER 

2 1 0 1 1 1 6 

2 1 0 1 1 5 

2 1 0 1 1 5 

PH 

Hexavalent chromium EPA 218.4 

Cyanide I CLP sow 

TCL volatiles 1 CLP sow 

TCL BNA CLP sow 

TAL metals total CLP sow 

TAL metals-filtered CLP sow 

Cyanide CLP sow 

Hexavalent chromrum EPA 218.4 



TABLE 3-1 
FIELD AND QA/QC SAMPLES REMEDIAL INVESTIGATION 
NWIRP 
BETHPAGE. NEW YORK 
PAGE 3 

Number Number Number Number Number Number 
Total 

of of of Field of of Rinsate of Trip 
Number 

Analysis Analytical Method 

Samples Duplicates(a) Blanks(b) MSIMSD/LD(c) Blanks(d) Blanks(e) 
of 

Samples 

MATRIX - SOLID WASTE 

1 1 1 1 1 5 TCL volatiles CLP sow 

1 1 1 1 1 5 TCL BNA CLP sow 

1 1 1 1 I 5 TAL metals CLP sow 

1 1 1 1 1 5 TCL Pesticides/PCBs CLP sow 

1 1 2 PH -, SW846-9045 

1 1 2 TOC MSA 29.3.5.2 

1 1 2 Bulk density MSA CH. 13 

1 1 1 1 1 5 Cyanide CLP sow 

1 1 2 Grain size ASTM D422-63 

1 1 2 Moisture content ASTM D22 16-80 

1 1 1 1 1 5 Hexavalent chromium EPA 218.4 

(a) - 10% 
(6) - l/source/event; all analyses 
(c) - According to CLP Users’ Guide, no extra volume needed for lab duplicates. According to CLP U.G., need triple the sample volume for at least I/20 

per matrix for MS, MSD and reanalyses l/20 
(d) l/day, metals and organics, samples analyzed every other day 
(e) l/cooler 
EPA Methods from 40 CFR 136 



David Brayack 
Project Manager 

Patricia Armstrong 
QualityAssurance/Quality Control 

Kevin Kilmartin 
Field Operations Leader 

Alan Margraf 
Health and Safety 

The Project Manager has the primary responsibility for project and technical management of this 

project. He is responsible for the coordination of all onsite personnel, and for providing technical 

assistance for all activities that are directly related to the determination of the hydrogeologic 

conditions and the environmental quality of the site. The review of all environmental and 

hydrogeologic data will be conducted by the project manager. If quality assurance problems or 

deficiencies requiring special action are identified, the project manager and project QA/QC advisor 

will identify the appropriate corrective action. 

4.2 Field Orqanization 

The HALLIBURTON NUS field investigation team will be organization according to the activity 

planned. For onsite sampling, the sampling team members will be selected based upon the type and 

extent of effort required. The team will consist of a combination of the following personnel: 

l Field Operations Leader (FOL) 

l Field hydrogeologist/geologist 

l Quality assurance/quality control advisor 

l Site health and safety specialist 

The FOL will responsible for the coordination of all onsite personnel and for providing technical 

assistance when required. The FOL, or his or her designee will coordinate and be present during all all 

sampling activities and will assure the availability and maintenance of all sampling 

materials/equipment. The FOL will be responsible for the completion of all sampling, well 

construction, and chain-of-custody documentation, and will assume custody of all samples and ensure 

the proper handling and shipping of samples. 

R-49-6-91-19 6 



The FOL will also be responsible for providing technical supervision of the drilling subcontractor and 

for maintaining a geologic log of all borings drilled. Copies of the forms to be used in this 

investigation are provided as Appendix A. 

The QA/QC advisor will be responsible for the adherence of all QA/QC guidelines as defined in this 

QAPP. Strict adherence to these procedures is critical to the collection of acceptable and 

representative data. 

The site health and safety specialist will be responsible for assuring that all team members adhere to 

the site health and safety requirements. Additional responsibilities of the site health and safety 

specialist are as follows: 

0 

0 

0 

0 

0 

0 

4.3 

Updating equipment or procedures based upon new information gathered during the site 

operation. 

Modifying the levels of protection based upon site observations. 

Determining and posting locations and routes to medical facilities, including poison 

control centers, and arranging for emergency transportation to medical facilities. 

Notifying local public emergency officers, including police and fire departments, of the 

nature or the team’s operations and for posting these department’s telephone numbers. 

Examining work-party members for symptoms of exposure of stress. 

Providing emergency medical care and first aid as necessary on site. The site health and 

safety manager also has the responsibility to stop any field operation that threatens the 

health or safety of the team or the surrounding populace. 

Laboratorv Operations 

Analyses of all environmental samples will be performed by a NEESA-approved laboratory. ‘The / ;-‘-T 

laboratory work will be performed on QC Level D, which requires CLP methods and CLP deliverables. 

,These QA/QC procedures should meet or exceed NYSDEC requirements. 

/4(/J - /G$&;,*. i ~ 
J 
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5.0 QUALITY ASSURANCE OBJECTIVES 

~ /y ;iJ ,~ kh - :u 

+, d :;i* ./-c ‘P +” ( 

1 

u &A.d.d& 
LJ“ .” ‘r ;< < 

\(: -‘#A. 2 i: c’Oc 
< 1 

1 ’ f c-ypl 2-P. . 
The overall QA objective is to develop and implement procedures for field sampling, chain-of- 

custody, laboratory analysis, and reporting that will provide environmental monitoring data of 

known and acceptable quality. Specific procedures to be used for sampling, chain-of-custody, 

calibration of field instruments, laboratory analysis, reporting, internal quality control, audits, 

preventative maintenance, and corrective actions are described in later sections of this QAP. The 

purpose of this section is to address the data quality objectives in terms of the (PARCC) parameters, 

quantitation and detection limits, field blanks, trip blanks, rinsate blanks, and bottleware cleanliness. 

5.1 Data Qualitv Obiectives 

Data Quality Objectives (DQOs) are qualitative and/or quantitative statements regarding the quality 

of data needed to support the RI/FS activities. The sampling rationale provided in the RI Work Plan 

explains the choice of sample locations and media which will supply information needed for the RI/FS. 

The use of CLP RAS and SAS analyses listed in Table3-1 following current CLP SOW protocols is 

expected to satisfy data quality needs in accordance with NEESA, NYSDEC, and CLP requirements. 

5.2 Quantitation Limits 

Both aqueous and solid quantitation limits are those required as CRQL for the current CLP SOW with 

allowances for dilutions and dry weight conversions. These CRQL are presented in Table 5-l. 

5.3 Detection Limits 

Instrument detection limits (IDL) are reported quarterly under CLP protocol. The quarterly IDLs 

applicable at the date of analysis will be supplied in each data package. IDLs must be less than or 

equal to CRQLs. 

5.4 PARCC Parameters 

The quality of data set is measured by certain characteristics of the data, namely the PARCC 

parameters. Some of the parameters are expressed quantitatively, while others are expressed 

qualitatively. The objectives of the RVFS and the intended use of the data define the PARCC goals. 

R-49-6-91-19 8 



TABLE 5-1 

CONTAINER, AMOUNT, PRESERVATION, HOLDING TIME, AND CONTRACT-REQUIRED QUANTITATION LIMIT REQUIREMENTS 
REMEDIAL INVESTIGATION 

NWIRP 
BETHPAGE, NEW YORK 

A. Groundwater and Recharge Basin Water Samples 

Parameter Container Preservative Holding Time 
CRQL 

(w/L) 
Methodology 

TCL Volatile Orqanic Compounds G, Teflon-lined septum Cool, 4°C 14 days CLP SOW 2/88 

Three 40-mL vials HCItopH<Z 

Chloromethane 10 

Bromomethane 10 

Vinyl Chloride 10 

Chloroethane 10 
W 

Methylene Chloride 5 

Acetone 10 

Carbon Dilsulfide 5 

1,1-Dichloroethene 5 

1,1-Dichloroethane 5 

1.2”Dichloroethene (total) 5 

Chloroform 5 

1,2-Dichloroethane 5 

2-Butanone 10 

l,l,l-Trichloroethane 5 

Carbon Tetrachloride 5 

Vinyl Acetate 10 

Bromodichloromethane 5 



71 

s TABLE 5-l 
b, CONTAINER, AMOUNT, PRESERVATION, HOLDING TIME, AND CONTRACT-REQUIRED QUANTITATION LIMIT REQUIREMENTS 
Lb 

REMEDIAL INVESTIGATION 
I, 
0 NWIRP 

BETHPAGE, NEW YORK 
PAGE TWO 

A. Groundwater and Recharge Basin Water Samples 

Parameter Container Preservative Holding Time 
CRQL 

(P9/L) 
Methodology 

TCL Volatile Oraanic Compounds G, Teflon-lined septum Cool, 4°C 14 days CLP SOW 2188 
(Continued) Three 40-mL vials HCItopH<Z 

1,2Dichloropropane 5 

cis-1,3-Dichloropropane 5 

Trichloroethene 5 

Dibromochloromethane 5 

1,1,2-Trichloroethane 5 

Benzene 5 

trans-1,3-Dichloropropane 5 

Bromoform 5 

4-Methyl-2-pentanone 10 

2-Hexanone 10 

Tetrachloroethene 5 

Toluene 5 

1,1,2,2-Tetrachloroethane 5 

Chlorobenzene 5 

Ethyl Benzene 5 

Styrene 5 

Xylenes (total) 5 
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s 
TABLE 5-I 

& 
\b 

CONTAINER, AMOUNT, PRESERVATION, 
REMEDIAL INVESTlGATlON 

UJ NWIRP 
BETHPAGE, NEW YORK 
P- --- -- ‘AGE THREE 

Parameter 

TCL Semivolatile Compounds 

I Dhenol 

I ais(Z-Chloroethyl)ether 

2-Chlorophenol 

I ,3-Dichlorobenzene 

I,CDichlorobenzene 

I 3enryl Alcohol 

I ,2-Dichlorobenzene 

; !-Methylphenol 

t ,is(2--Chloroisopropyl)ether 

1 I-Methylphenol 

r i-Nitroso-di-n-dipropylamine 

t iexachloroethane 

r Jitrobenzene 

I, sophorone 

2 I-Nitrophenol 

2 !,4-Dimethylphenol 

a lenzoic Acid 

HOLDING TIME. AND CONTRACT-REQUIRED QUANTITATION LIMIT REQUIREMENTS 

/ 

A. Groundwater and Water Samples 

Container Preservative Holding Time 
CRQL 

(lJg/L) 
Methodology 

G, Teflon-lined cap Cool, 4°C 5 days from VTSR CLPSOW!&er3 
two 80-02. amber jugs until extraction, 

40 days after 
extraction 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

50 

10 



a 

s TABLE 5-l 
ck 
;o 

CONTAINER, AMOUNT, PRESERVATION, HOLDING TIME, AND CONTRACT-REQUIRED QUANTITATION LIMIT REQUIREMENTS 

1. 
REMEDIAL INVESTIGATION 

\D NWIRP 
BETHPAGE, NEW YORK 
‘AGE FOUR 

A. Groundwater and Recharge Basin Water Samples 

N 

Parameter 

TCL Semivolatile Compounds 
(Cohtinued) 

bis(2-Chloroethoxy)methane 

2,4-Dichlorophenol 

1,2,4-Trichlorobenzene 

Naphthalene 

4-Chloroaniline 

Hexachlorobutadiene 

4-Chloro-3-methylphenol 
(para-chloro-meta-cresol) 

2-Methylnaphthalene 

Hexachlorocyclopentadiene 

2,4,6-Trichlorophenol 

2,4,5-Trichlorophenol 

2Xhloronaphthalene 

2-Nitroaniline 

Dimethylphthalate 

Acenaphthylene 

Container 

G, Teflon-lined cap 
two 80-02. amber jugs 

Preservative 

Cool, 4°C 

Holding Time 

5 days from VTSR 
until extraction, 
40 days after 
extraction 

CRQL 

(w/L) 

10 

10 

10 

10 

10 

10 

IO 

c 10 

10 

10 

50 

10 

50 

10 

10 

Methodology 

CLP SOW 2/88 
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TABLE 5-1 
CONTAINER, AMOUNT, PRESERVATION, HOLDING TIME, AND CONTRACT-REQUIRED QUANTITATION LIMIT REQUIREMENTS 
REMEDIAL INVESTIGATION 
NWIRP 
BETHPAGE, NEW YORK 
PAGE FIVE 

A. Groundwater and Recharge Basin Water Samples 

Parameter 

TCLSemivolatile Compounds 
(Continued) 

2,6-Dinitrotoluene 

3-Nitroaniline 

Acenaphthene 

2,4-Dinitrophenol 

4-Nitrophenol 

Dibenzofuran 

2,4-Dinitrotoluene 

Diethylphthalate 

4-Chlorophenyl-phenyl ether 

Fluorene 

4-Nitroaniline 

4,6-Dinitro-2-methylphenol 

n-Nitrosodiphenylamine 

4-Bromophenyl-phenyl ether 

Hexachlorobenzene 

Pentachlorophenol 

Phenanthrene 

Container 

G, Teflon-lined cap 
two 80-0~. amber jugs 

Preservative 

Cool, 4°C 

Holding Time 

5 days from VTSR 
until extraction, 
40 days after 
extraction 

CRQL 

(I.@-) 

10 

50 

10 

50 

50 

10 

10 

10 

10 

10 

50 

50 

10 

10 

10 

50 

10 

Methodology 

CLP SOW 2/88 



TIME, AND CONTRACT-REQUIRED QUANTITATION LIMIT REQUIREMENTS 
TABLE 5-1 
CONTAINER, AMOUNT, PRESERVATION, HOLDING 
REMEDIAL INVESTIGATION 
NWIRP 
BETHPAGE, NEW YORK 
pAce Cl” 

A. Groundwater and Recharge Basin Water Samples 

Parameter 

TCL Semivolatile Compounds 
[Continued) 

Anthracene 

Di-n-butylphthalate 

Fluoranthene 

Pyrene 

Butylbenzylphthalate 

3,3’-Dichlorobenzidine 

Benzo(a)anthracene 

Chyrsene 

bis(2-Ethylhexyl)phthalate 

Di-n-octylphthalate 

Benzo(b)fluoranthene 

Benzo(k)fluoranthene 

Benzo(a)pyrene 

Indeno( 1,2,3-cd)pyrene 

Dibenz(a,h)anthracene 

Benzo(g,h,i)perylene 

Container 

G, Teflon-lined cap 
two 80-0~. amber jugs 

Preservative 

Cool, 4°C 

Holding Time 

5 days from VTSR 
until extraction, 
40 days after 
extraction 

CRQL 

(P9U 

10 

10 

10 

10 

10 

20 

10 

10 

IO 

10 

10 

10 

10 

10 

10 

10 

Methodology 

CLP SOW 2/88 

f 



;P 
ST TABLE 5-1 
6-l 
;o CONTAINER, AMOUNT, PRESERVATION, HOLDING TIME, AND CONTRACT-REQUIRED QUANTITATION LIMIT REQUIREMENTS 

REMEDIAL INVESTIGATION 
Q NWIRP 

BETHPAGE, NEW YORK 
‘AGE SEVEN 

A. Groundwater and Recharge Basin Water Samples 

VI 

Parameter 

TAL Metals, Cyanide 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Calcium 

Chromium 

Cobalt 

Copper 

Iron 

Lead 

Magnesium 

Manganese 

Mercury 

Nickel 

Potassium 

Container Preservative Holding Time 
CRQL 

(Iclm 
Methodology 

P; one l-liter bottle total, HN03 to pH<2 180 days from VTSR CLP SOW 7/88 
one l-liter bottle Cool, 4°C (except where noted) 
dissolved 

200 

60 

- 10 

200 

5 

5 

5,000 

10 

50 

25 

100 

5 

5,000 

15 

26 days 02 

40 

5,000 



TABLE 5-1 
CONTAINER, AMOUNT, PRESERVATION, HOLDING TIME, AND CONTRACT-REQUIRED QUANTITATION LIMIT REQUIREMENTS 
REMEDIAL INVESTIGATION 
NWIRP 
BETHPAGE, NEW YORK 
P ‘AGE EIGHT 

A. Groundwater and Recharge Basin Water Samples 

Parameter 

TAL Metals, Cyanide 

(Continued) 

Selenium 

Silver 

Sodium 

Thallium 

Vanadium 

Zinc 

Cyanide 

Container Preservative Holding Time 
CRQL 

(lJg/L) 
Methodology 

P; one l-liter bottle total, HN03 to pHC2 180 days from VTSR CLP SOW 7/88 

one 1 -I iter bottle Cool, 4°C (except where noted) 

dissolved 

5 

10 

5,000 

10 

50 

20 

P; one l-liter bottle NAOHpH>12 12 days 10 

0.6 g ascorbic acid 
Cool 4°C 



TABLE 5-l 
CONTAINER, AMOUNT, PRESERVATION, HOLDING TIME, AND CONTRACT-REQUIRED QUANTITATION LIMIT REQUIREMENTS 
REMEDIAL INVESTIGATION 
NWIRP 
BETHPAGE, NEW YORK 
PAGE NINE 

, 

A. Groundwater and Recharge Basin Water Samples 

Parameter Container Preservative Holding Time 
CRQL 

(!-4/L) 
Methodology 

Additional Analytes 

Chromium VI P. G 
one l-liter bottle 

Cool 4°C 
Navy lists HN03 to 

pHc2 but 
requirements for this 
method do not 

Hardness 

Alkalinity 

1 P; one l-liter bottle 

P; one l-liter bottle 

HN03 to pH<2 
Cool 4°C 

180 days 10 mg/L EPA 130.2 

Cool 4°C 14 days 1 mg/L EPA 310.1 

Total Organic Carbon 

Total Dissolved Solids 

Total Suspended Solids 

P; one l-liter bottle H2S04 to pH<2 

Cool 4°C 

P; one l-liter bottle 

P; one l-liter bottle 

Cool 4OC 

Cool 4°C 

Biochemical Oxygen Demand, 

5-day 

P; one l-liter bottle Cool 4°C 48 hours 1 mg/L EPA4051. 

Chemical Oxygen Demand P; one l-liter bottle 

I 

H2SO4 to pH < 2 
Cool 4°C 

28 days 5 mg/L EPA410 2 
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TABLE 5-l 

li, CONTAINER, AMOUNT, PRESERVATION, HOLDING TIME, AND CONTRACT-REQUIRED QUANTITATION LIMIT REQUIREMENTS 
REMEDIAL INVESTIGATION 

ul NWIRP 
BETHPAGE, NEW YORK 
PAGE TEN 

6. Soils, Solid Waste, Bottom-Sediment Samples 

Parameter Container Preservative Holding Time 
CRQL 

(m/L) 
Methodology 

TCL Volatile Oraanic Compounds G, Teflon-lined septum Cool, 4°C 7 days from VTSR CLP SOW 2/88 
three 40-mL vials 

Chloromethane 10 

Bromomethane 10 

Vinyl Chloride 10 

Chloroethane 10 

Methylene Chloride 5 

Acetone 10 

Carbon Dilsulfide 5 

1,l -Dichloroethene 5 

l,l-Dichloroethane 5 

1,2-Dichloroethene (total) 5 

Chloroform 5 

1,2-Dichloroethane 5 

2-Butanone 10 

l,l, 1 -Trichloroethane 5 * 

Carbon Tetrachloride 5 

Vinyl Acetate 10 

Eromodichloromethane 5 



TABLE 5-1 
CONTAINER, AMOUNT, PRESERVATION, HOLDING TIME, AND CONTRACT-REQUIRED QUANTITATION LIMIT REQUIREMENTS 
REMEDIAL INVESTIGATION 
NWIRP 
BETHPAGE, NEW YORK 
2AGE ELEVEN ..__ ---_-._ 

B. Soils, Solid Waste, Bottom-Sediment Samples 

Parameter Container Preservative Holding Time 
CRQL 

(P$L) 
Methodology 

TCL Volatile Orpanic Compounds G, Teflon-lined septum Cool, 4°C 7 days from VTSR CLP SOW 2/88 
Continued three 40-mL vials 

1,2-Dichloropropane 5 

cis-1,bDichloropropane 5 

Trichloroethene 5 

Dibromochloromethane 5 

1,1,2-Trichloroethane 5 

Benzene 5 

trans-1,3-Dichloropropane 5 

Bromoform 5 

4-Methyl-2-pentanone 10 

2-Hexanone 10 

Tetrachloroethene 5 

Toluene 5 

1,1,2,2-Tetrachloroethane 5 

Chlorobenzene 5 

Ethyl Benzene 5 

Styrene 5 

Xylenes (total) 5 



72 

s TABLE 5-I 
in 
;o 

CONTAINER, AMOUNT, PRESERVATION, HOLDING TIME, AND CONTRACT-REQUIRED QLJANTITATION LIMIT REQUIREMENTS 
REMEDIAL INVESTIGATION 

u3 NWIRP 
BETHPAGE, NEW YORK 

. 

‘AGE TWELVE 

B. SOIIS, Solid Waste, Bottom-Sediment Samples 

Parameter 

TCL Semivolatile Compounds 

Phenol 

bis(2-Chloroethyl)ether 

2-Chlorophenol 

1,3-Dichlorobenzene 

1,4-Dichlorobenzene 

Benzyl Alcohol 

1,2-Dichlorobenzene 

2-Methylphenol 

bis(2--Chloroisopropyl)ether 

4-Methylphenol 

n-Nitroso-di-n-dipropylamine 

Hexachloroethane 

Nitrobenzene 

lsophorone 

2-Nitrophenol 

2,4-Dimethylphenol 

Benzoic Acid 

Container 

G, Teflon-lined cap 
two 8-0~ jars 

Preservative 

Cool, 4°C 

Holding Time 

IO days from VTSR 
until extraction, 
40 days after 
extraction 

CRQL 

(IML) 

330 

330 

330 

330 

330 

330 

330 

330 

330 

330 

330 

330 

330 

330 

330 

330 

1,600 

Methodology 

CLP SOW 2/88 
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TABLE 5-l 
CONTAINER, AMOUNT, PRESERVATION, 
REMEDIAL INVESTlGATlON 
NWlRP 
BETHPAGE, NEW YORK 
prcc T”II)TEEAI 

HOLDING TIME, AND CONTRACT-REQUIRED QUANTITATION LIMIT REQUIREMENTS 

B. Soils, Solid Waste, Bottom-Sediment Samples 

Parameter 

TCL Semivolatile Compounds 
(Continued) 

bis(2Chloroethoxy)methane 

2,CDichlorophenol 

1,2,4-Trichlorobenzene 

Naphthalene 

4-Chloroaniline 

Hexachlorobutadiene 

Q-Chloro-3-methylphenol 
[para-chloro-meta-cresol) 

2-Methylnaphthalene 

Hexachlorocyclopentadiene 

2,4,6-Trichlorophenol 

2,4,5-Trichlorophenol 

2-Chloronaphthalene 

2-Nitroaniline 

Dimethylphthalate 

kenaphthylene 

Container 

G, Teflon-lined cap 
two 8-0~ jars 

Preservative 

Cool, 4°C 

Holding Time 

10 days from VTSR 
until extraction, 
40 days after 
extraction 

CRQL 

(P9N 

330 

330 

330 

330 

330 

330 

330 

330 

330 

330 

1,600 

330 

330 

330 

330 

Methodology 

CLP SOW 2/88 



TABLE 5-1 
CONTAINER, AMOUNT, PRESERVATION, HOLDING TIME, AND CONTRACT-REQUIRED QUANTITATION LIMIT REQUIREMENTS 
REMEDIAL INVESTIGATJON 
NWIRP 
BETHPAGE, NEW YORK 
‘AGE FOURTEEN 

B. Soils, Solid Waste, Bottom-Sediment Samples 

Parameter 

TCL Semivolatile Compounds 
(Continued) 

2,CDinitrotoluene 

3-Nitroaniline 

Acenaphthene 

2.4~Dinitrophenol 

4-Nitrophenol 

Dibenzofuran 

2,CDinitrotoluene 

Diethylphthalate 

4-Chlorophenyl-phenyl ether 

Fluorene 

4-Nitroaniline 

4,6-Dinitro-2-methylphenol 

n-Nitrosodiphenylamine 

4-Bromophenyl-phenyl ether 

Hexachlorobenzene 

Pentachlorophenol 

Phenanthrene 

Container 

G, Teflon-lined cap 
two 8-0~ jars 

Preservative 

Cool, 4°C 

Holding Time 

10 days from VTSR 
until extraction, 
40 days after 
extraction 

CRQL 

(lJ9U 

330 

1,600 

330 

1,600 

1,600 

330 

330 

330 

330 

330 

1,600 

Methodology 

CLP SOW 2188 

I I I 1,600 I I I I I 1 

I I I 330 
! I 

I I I 330 I I I I I I 

! ! ! 330 
! I 

I I I 1,600 I I 
I I I 330 I I 
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s 
TABLE 5-1 

Q CONTAINER, AMOUNT, PRESERVATION, HOLDING TIME, AND CONTRACT-REQUIRED QUANTITATION LIMIT REQUIREMENTS 
!5 REMEDIAL INVESTIGATION 

a NWIRP 
BETHPAGE. NEW YORK 
‘AGE FIFTEEN 

B. Soils, Solid Waste, Bottom-Sediment Samples 

Parameter 

TCL Semivolatile Compounds 
(Continued) 

Anthracene 

Di-n-butylphthalate 

Fluoranthene 

Pyrene 

Butylbenzylphthalate 

3,3’-Dichlorobenzidine 

Benzo(a)anthracene 

Chyrsene 

bis(2-Ethylhexyl)phthalate 

Di-n-octylphthalate 

Benzo(b)fluoranthene 

Benzo(k)fluoranthene 

Benzo(a)pyrene 

Indeno(l,2,3-cd)pyrene 

Dibenz(a,h)anthracene 

Benzo(g,h,i)perylene 

Container 

G, Teflon-lined cap 
two 8-0~ jars 

Preservative 

Cool, 4°C 

Holding Time 

10 days from VTSR 
until extraction, 
40 days after 
extraction 

. 

CRQL 

(!JglL) 

330 

330 

330 

330 

330 

660 

330 

330 

330 

330 

330 

330 

330 

330 

330 

330 

Methodology 

CLP SOW 2188 



N 
P 

TIME, AND CONTRACT-REQUIRED QUANTITATION LIMIT REQUIREMENTS 
TABLE 5-l 
CONTAINER, AMOUNT, PRESERVATION, HOLDING 
REMEDIAL INVESTIGATION 
NWIRP 
BETHPAGE, NEW YORK 
pACr CIVTCCU 

B. Soils, Solid Waste, Bottom-Sediment Samples 

Parameter 

TCL lnorqanics 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Calcium 

Chromium 

Cobalt 

Copper 

Iron 

Lead 

Magnesium 

Manganese 

Mercury 

Nickel 

Potassium 

Container 

G; one 8-02 glass jar 

Preservative 

Cool, 4°C 

. 

Holding Time 
CRQL 

(P9lL) 
Methodology 

180 days from VTSR (. CLP SOW 7/88 
(except where noted) 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 
. 

NA 

NA 

NA 

NA 

26 days NA 

NA 

NA 



A 

s TABLE 5-l 
B 
& 

CONTAINER,AMOUNT, PRESERVATION, HOLDING TIME, AND CONTRACT-REQUIRED QUANTITATION LIMIT REQUIREMENTS 
REMEDIAL INVESTIGATION 

lo NWIRP 
BETHPAGE! NEW YORK 
PACF CFVFNTFFN 

r 
n-.. s.. - L._ . --.w 

6. Soils, Solid Wast 

Parameter 

TCL lnorqanics 
(Continued) 

Selenium 

Silver 

Sodium 

Thallium 

Vanadium 

Zinc 

Cyanide 

pH (except sediment) 

Jotal Organic Carbon (except 
sediment) 

Bulk Density (except sediment) 

Grain Size (except sediment) 

Moisture Content (except 
sediment) 

Container 

G; one 8-oz glass jar 

G; one 8 oz jar 

G; one 32 oz jar 

G;one32ozjar 

G; one 32 oz jar 

Preservative 

Cool, 4°C 

Cool 4°C 

Cool 4OC 

None 

None 

None 

Holding Time 

180 days from VTSR 
(except where noted) 

12 days from VTSR 

14 days 

28 days 

None 

None 

None 

CRQL 

(w/L) 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

10 mg/kg 

Methodology 

CLP SOW 7/88 

SW 846-9045 

MSA 29.352 

MSACh.13 

ASTM D422-63 

ASTM D22 16-80 



TION LIMIT REQUIREMENTS 

A 

2 TABLE 5-1 

6-l CONTAINER, AMOUNT, PRESERVATION, HOLDING TIME, AND CONTRACT-REQUIRED QUANTITA 
lb REMEDIAL INVESTIGATION 

NWIRP * 
BETHPAGE, NEW YORK ,- f 
‘AGE EIGHTEEN <,,’ &~JQJ! 

A. Groundwater and v Water Samples 

Parameter 

I 

Container 

TCL PesticidesIPCBs G. Teflon-lined cap 
two 80- oz. amber jugs 

alpha-BBC 

beta-BHC 

delta-BHC 

mamma-BHC (lindane) 

Heptachlor 

Aldrin 

Heptachlor Epoxide 

Endosulfan I 

Dieldrin 

4.4’.DDE 

Endrin 

1 Endosulfan II I 

4,4’-DDD 

Endosulfan Sulfate 

4,4’-DDT 

Methoxychlor 

Endrin Ketone 

Preservative 

Cool, 4°C 

Holding Time 

I 

CRQL 

w/L) 
I 

Methodology 

5 days from VTSR 
until extraction, 
40 days after 
extraction 

CLP sowq3$j 

005 

0.05 

005 

0.05 

0.05 

0.05 

0.05 

0.05' 

0.10 

0.10 

0 10 

0.10 

0 10 



a 
s TABLE 5-1 
h-3 
!e 

CONTAINER, AMOUNT, PRESERVATION, HOLDING TIME, AND CONTRACT-REQUIRED QUANTITATION LIMIT REQUIREMENTS 
REMEDIAL INVESTIGATION 

ul NWIRP 
BETHPAGE, NEW YORK 

2: 

‘AGE NINETEEN 

A. Groundwater and Recharge Basin Water Samples 

Parameter 

TCL Pesticides/PCBs 
Continued 

alpha-Chlordane 

gamma-Chlordane 

Toxaphene 

Aroclor-1016 

Aroclor-122 1 

Aroclor-1232 

Aroclor-1242 

Aroclor-1248 

Aroclor-1254 

Aroclor- 1260 

Container 

G, Teflon-lined cap 
two 80- oz. amber jugs 

Preservative 

Cool, 4°C 

Holding Time 

5 days from VTSR 
until extraction, 
40 days after 
extraction 

CRQL 

119/L) 

0.5 

0.5 

10 

0.5 

0.5 

0.5 

0.5 

0.5 

1.0 

1.0 

Methodology 

CLP soWk&T 



5.4.1 Precision 

Precision characterizes the amount of variability and bias inherent in a data set. Precision describes 

the reproducibility of measurements of the same parameter for a sample under the same or similar 

conditions. Precision is expressed as a range (the difference between two measurements of the same 

parameter) or as a relative percent difference (the range relative to the mean, expressed as a 

percent). Range and Relative Percent Difference (RPD) values are calculated as follows: 

Range = OR - DR 

RPD = 
[OR - DRI 

x 100% 
112 (OR + DR) 

where: OR = original sample result 

DR = duplicate sample result 

The internal laboratory control limits for precision are three times the standard deviation of a series 

of RPD or range values. RPD values may be calculated for both laboratory and field duplicates, and 

can be compared to the control limits as a QA check. Laboratory duplicates will be analyzed at the 

rate required by the CLP. Field duplicates will be collected for 10 percent of all samples collected. 

5.4.2 Accuracy 

Accuracy is the comparison between experimental and known or calculated values expressed as a 

percent recovery (%R). Percent recoveries are derived from analysis of standards spiked into 

deionized water (standard recovery) or into actual samples (matrix spike or surrogate spike recovery). 

Recovery is calculated as follows: 

E 
%R = 

T x looa 

where: E = experimental result 

T = true value (theoretical result) 

and 

T= 
(sample aliq.) (sample cont.) + (spike aliq.) (spike cont.) 

sample aliq. + spike aliq. 
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Control limits for accuracy are set at the mean plus or minus three times the standard deviation of a 

series or %R values. Organic %R values are set at the mean plus or minus two times the standard 

deviation. 

Accuracy for aqueous and solid samples will be evaluated by use of surrogate and matrix spikes at the 

CLP-required incidences. CLP acceptance criteria and corrective actions apply. Out-of-criteria results 

will be reviewed for data applicability as a part of data validation. 

5.4.3 Representativeness 

All data obtained should be representative of actual conditions at the sampling location. The Work 

Plan is designed so that the samples taken will present an accurate representation of actual site 

conditions. The rationales discussed in the Work Plan and QAP are designed to ensure this. All 

sampling activities will conform to the protocols given in Section6.0 of this QAP. The use of CLP 

analytical protocols and data deliverables will ensure that analytical results and deliverables are 

representative, and both consistently performed and reported. 

5.4.4 Comparability 

Comparability will be achieved by utilizing standardized sampling and analysis methods and data 

reporting format. Both analytical procedures and sample collection techniques will maximize the 

comparability of this new data to previous data. Additionally, consideration will be given to seasonal 

conditions and other environmental conditions that could influence analytical results. 

5.4.5 Completeness 

Completeness is a measure of the amount of valid data obtained from the measurement program, 

compared to the total amount collected. For relatively clean, homogeneous matrices, loo-percent 

completeness is expected. However, as matrix complexity and heterogenicity increase, completeness 

may decrease. Where analysis is precluded or where DQOs are compromised, effects on the overall 

investigation must be considered. Whether any particular sample is critical to the investigation will 

be evaluated in terms of the sample location, the parameter in question, the intended data use, and 

the risk associated with the error. 

Critical data points may not be evaluated until all the analytical results are evaluated. If in the 

evaluation of results it becomes apparent that the data for a specific medium are of insufficient 
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quality (95 percent), either with respect to the number of samples or an individual analysis, 

resampling of the deficient data points may be necessary. 

5.5 Field Blanks 

To determine whether cross-contamination of samples has occurred, field blanks will be obtained. 

Field blanks will be taken at the rate of one per source per samplinq event, and will be analyzed for 

TCL VOCs, BNA, PCBs, pesticides, and TAL metals, in accordance with NEESA guidelines. 

5.6 Trip Blanks 

To determine whether contamination of samples or bottleware has occurred in the field, trip blanks 

will be used. Trip blanks consist of analyte-free water taken from the laboratory to the site, and 

returned. Trip blanks are taken at the rate of one per cooler of organics and will be analyzed for TCL 

VOAs only. 

5.7 Rinsate Blanks 

An equipment rinsate blank consists of the final analyte-free water rinse from equipment cleaning. 

Rinsate blanks are collected daily during the sampling event, and the results from every other day are 

analyzed for inorganic and organic contaminants. If potential contamination is observed, the 

remaining rinsate blanks are also analyzed. 

5.8 Bottleware 

NEESA requires specific bottleware cleaning procedures. If precleaned bottles are used, this must be 

stared in the QA Plan. Precleaned bottles will be used at the NWIRP Bethpage site; the required 

certification will be provided. 

6.0 SAMPLING PROCEDURES 

6.1 Site Backaround 

The site background information is provided in Section 1.0 of the RI Work Plan. 
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6.2 Samplinq Obiectives 

The overall objective of the RI will be to characterize the nature and extent of potential 

environmental contamination and associated risks to human health and the environment at the 

NWIRP. The data collected will also be used to evaluate potential remedial options. The specific 

objectives for the Bethpage plant are to identify the location and concentration of potential soil and 

groundwater contamination by solvents and metals at three sites identified in the Initial Assessment 

Study (IAS) (RGH 1986) and to determine whether these sites are the source of a trichloroethene (TCE) 

contaminated groundwater plume in the Bethpage area. The NWIRP, the Grumman Aerospace 

Corporation (Grumman), and the RUCO Polymer Corporation (RUCO) are potential sources of this 

contamination. 

An Initial Assessment Study of NWIRP Bethpage, New York and NWIRP Calverton, New York 

conducted in 1986 (RGH 1986) indicated that three areas at the Bethpage Plant may pose a threat to 

human health or the environment. These three sites are Site 1 - Former Drum Marshaling Area 

(identified as Site 7 in the Initial Assessment Study, or IAS), Site 2 - Recharge Basin Area (identified as 

Site 8 in the IAS), and Site 3 -Salvage Storage Area (identified as Site 9 in the IAS). (These sites were 

renumbered to avoid confusion with the Site designations at the Calverton Plant.) 

6.3 Sample Location and Frequency 

Soils, sediments, surface water, groundwater, and a waste sample will be collected during the field 

activities. These samples will be analyzed in accordance with CLP methodology for volatile organics, 

semivolatile organics, PCBs, pesticides, metals, cyanide, and other engineering parameter-type 

‘J analytes. A list of the analytes, analytical method, contract required quantification limits, containers, 

i preservatives, and holding times are provided in Table 5-l. 

The sampling program consists of six activities. These activities are as follows and are described 

below. 

l Soil-Gas 

l Soil Sampling 

0 Temporary Monitoring Well Survey 

0 Monitoring Well Sampling 

l Surface Water/Sediment Sampling 

0 Waste Sampling 
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A concurrent, three-phase field investigation is planned at this facility. These three phases are a soil- 

gas survey, a soil sampling and temporary monitoring well groundwater sampling investigation, and 

a groundwater sampling investigation. The first phase will be a soil-gas survey to identify potential 

areas of soil and groundwater contamination. The soil-gas samples will be analyzed at an onsite 

mobile field GC laboratory. Locations for the Phase 2 activities will be selected at the areas found to 

have high soil-gas contaminant concentrations. The second phase will consist of a soil sampling, 

waste sampling (if encountered), and a temporary monitoring well groundwater sampling 

investigation. The soil samples will be collected at 5 feet and/or 21 feet and coincide with elevated 

concentrations in the soil-gas measurements. These samples will be analyzed at an offsite fixed-base 

laboratory. The temporary monitoring well samples will be collected approximately 5 feet into the 

water table and analyzed at a local laboratory using CC analysis. The temporary monitoring well 

groundwater survey will be used to determine the location of groundwater contamination and to 

place the monitoring well clusters. The third phase will consist of the installation of monitoring wells 

and the sampling and chemical analysis of surface soils, groundwater, sediment, and surface water. 

These samples will be analyzed at an offsite fixed-base laboratory. The three phases will overlap in 

order to avoid schedule delays. All of the samples will be analyzed for TCL (Target Compound List) 

volatile organics. Soil samples at the surface and up to five feet deep, groundwater (except the 

temporary monitoring well samples), sediments, surface water, and the waste (if found) will be 

analyzed for TCL semivolatile organics, TAL (Target Analyte List) metals, and cyanide. The water 

samples (except the temporary monitoring well samples) and waste samples will also be analyzed for 

hexavalent chromium. Soil samples identified as stained will be analyzed for PCBs and pesticides. In 

addition, select soil, sediment, and groundwater samples will be analyzed for engineering 

parameters. 

Soi I-Gas 

The soil-gas survey will consist of placing soil-gas points in a uniform grid pattern in each of the three 

sites. A grid spacing of 150-foot centers will be used. In addition, opportunity locations will be 

selected in the field based on results from grid pattern soil-gas locations, as well as areas of suspected 

to be contaminated, (drum marshaling areas). At each location, soil-gas samples will be obtained at 

two depths, 5 feet and 21 feet. The 5-foot depth represents potential contamination in the soil near 

the source of a spill. Elevated soil-gas measurements at this depth would likely be an indication of soil 

contamination. The 21-foot depth represents the practical depth of this technique and the result 

would likely be influenced by both soil and groundwater contamination. The samples will be 

analyzed in the field using a field GC. 

.- 
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A 3-point by 4-point grid would be used at Site 1, see Figure 6-l. In addition, four opportunity sample 

locations would be selected in the field. A potential location of several of the opportunity locations 

would be near the former drum marshaling areas. 

A 5-point by 5-point grid would be used at Site 2, see Figure 6-2. In addition, four opportunity sample 

locations would be selected in the field. A potential location of several of the opportunity locations 

would be near the former sludge drying beds. 

A 6-point by 5-point grid would be used at Site 3, see Figure 6-3. In addition, four opportunity sample 

locations would be selected in the field. A potential location of several of the opportunity locations 

would be near the drum marshaling area. 

The results of this testing are expected to provide a three dimension map of volatile organic 

contaminants in the soil vadose zone. These results would then be mapped for each site. Soil 

contamination would be expected to result in a relatively confined area of elevated soil-gas readings 

at the 5-foot depth, or at the 5-foot depth and the 21-foot depth. Whereas groundwater 

contamination would be expected to extend in the direction of the groundwater flow and result in 

higher readingsat the 21-foot depth than at the 5-foot depth. 

Based on this testing, temporary monitoring well groundwater sample locations and soil sample 

locations and depths would be selected. If minimal or no elevated soil-gas readings are found, then 

the temporary monitoring well sample points would be located primarily along the hydraulic 

upgradient and downgradient boundaries of the three sites. If elevated soil-gas readings are found, 

then 2 to 3temporary monitoring well groundwater points would be located along the hydraulic 

downgradient boundary of each site; 2 to 3 temporary monitoring well groundwater points would 

be located along the hydraulic upgradient border of each site; and 3 to 4 temporary monitoring well 

groundwater points would be located in the center of the contamination at each site. 

Soil Sampling 

Surface and subsurface soil samples will be collected at the site. The surface sample locations will 

consist of points in a relatively uniform 300-foot by 300-foot grid plus field determined opportunity 

sample locations. Areas covered by buildings and asphalt would not be considered for the 

predetermined sample locations. The soil borings and soil samples during the collection of temporary 

monitoring well groundwater samples will be used to investigate the subsurface soil contamination. 
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PLANT NO. 3 

UGFND 

Underground Cesspool Field 

)Sorsholing / Spili Area 

Location of Soil Gae 

Drum Marshaling Area 2 
(1950s - 1978) 

Drum Marshaling 
Ares 1 (1978 -2 

(underground 
Cesspool field) 

982) 

- 200’ 
G B 

0 200' 

Points 
1 iLu 1 

Figure 6-l 

Location of Soil Gae Points 
Site 1 Drum Marshaling Area 

NWIRP Bethpage, NY 

Remedial Investigation 

Naval Weapons Industrial 
Reserve Plant 
Bethpage and Calverton 
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REStDEtJTIAL AREA 

Lxl Recharge eosins 
4 Y 

9 Location of Soil Gas Points 

Figure 6-2 

Location of Soil Gas Point8 
Site 2 Recharge Basins 

NWIRP Bethpage, NY 

Remedial Investigation 

Naval Weapons Industrial 
Reserve Plant 
Be!wage . 
Long Island, New York 

R-49-6-91-19 35 



I ml m II h 
PLANT 03 

L Recharge Basins 

e Location of Soil Gas Points 

Figure 6-3 

Location of Soil Gas Points 
Site 3 Salvage Storage Area 

NWIRP Bethpage, NY 

R-49-6-9 I-1 9 

Remedial Investigation 

Naval Weapons Industrial 
Reserve Plant 
Bethpage and Calverton 
Long Island, New York 
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The grid of predetermined surface soils samples is illustrated in Figure 6-4. There would be a 2-point 

by 3-point grid at Site 1; a 3-point by 4-point grid at Site 2; and a 2-point by 3-point grid at Site 3. The 

opportunity samples would be selected in the field during the field activities. Soils which appear to 

be stained or visually discolored would be selected. The total number of surface samples would be 

29 samples. These samples would be collected at a depth of 1 to 6 inches and would be analyzed for 

TCL volatile and semivolatile organics, TAL metals, and cyanide. In addition, if the soil samples are 

observed to be stained, then the samples will be analyzed for TCL pesticides and PCBs. The results will 

be used to determine the nature and extent of soil contamination and to prepare a risk assessment. 

The subsurface samples will be collected at a depth of 5 feet and/or 21 feet. For each location, the 

decision to sample is dependent on the soil-gas measurement at that location of depth. In general, if 

volatile organics were detected at that point, then a soil sample will also be obtained for offsite fixed- 

base laboratory analysis. And if volatile organics were not detected at that point, then a sample 

would not be obtained. However, a minimum of two soil samples will be collected at points were 

soil-gas measurements indicated the absence of contamination. These samples would be analyzed 

offsite at a fixed-base laboratory to confirm the absence of soil contamination. There will be an 

estimated 29 locations for the soil augering with an estimated 1.5 soil samples (for offsite analysis) at 

each location. 

Samples will be collected with a split-spoon device. The split spoon samples will be used to collect 

samples for analytical testing, and to identify the depth of the groundwater table and the lithology. 

For analytical testing, the split spoon samples will be collected at a depth of 3 to 5 feet and/or at 19 to 

21 feet. To identify the depth of the groundwater table and the lithology, the split spoon sampling 

would start again at about 40 to 45 feet and be conducted continuously until a suitable lithology for 

use of the temporary monitoring well point is encountered in the groundwater. 

The location of the soil borings will be established through the results of the soil-gas survey. 

All the soil samples will be analyzed for TCL volatile organics. The surface and near surface (3 to 5 feet 

deep) soil samples will also be analyzed for semivolatile organics, TAL metals, and cyanide. If the 

surface and near surface soils are observed to be stained, then they will also be analyzed for PCBs and 

pesticides. These results primarily will be used to determine the nature and extent of soil 

contamination and to prepare a risk assessment. 

In addition to these chemical analyses, select samples will also be evaluated for engineering 

parameters. Two samples will be selected at each site (for a total of six), based on the field screening 

data. For each site, one sample should represent a relatively low level of contamination, and the 
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second sample should represent an intermediate or high level of contamination. The engineering 

parameters consist of: 

0 Total organic carbon (TOC) to evaluate the potential for groundwater contamination 

through an estimate of the contaminant soil/water partition coefficient, 

l Bulk density, grain size, moisture content, and pH for general engineering considerations. 

Temporary Monitoring Well Survey 

A temporary monitoring well survey will be conducted to aid in the placement of the permanent 

monitoring wells. This groundwater samples will be collected using either a temporary well point or 

a HydroPunch. The well point consists of installing a 2 inch well screen through a hollow stem auger. 

The well point is purged and sampled. The HydroPunch allows for the collection of groundwater 

samples without the installation of permanent monitoring points. A soil auger with periodic split 

spoon samples is used to advance a hole to the water table. The HP is then driven or pushed to the 

sampling horizon. At this point, a sampling port is exposed and a groundwater sample is taken. The 

minimum depth at which a sample may be collected is 5 feet below the water table because 5 feet of 

head is required to fill the HP. The samples will be screened with a gas chromatograph (CC). All 

sampling equipment will be decontaminated between sampling events. 

The temporary monitoring well points will be selected based on the results of the soil gas survey. As a 

result, the location cannot be presented at this time. Potential sample point location scenarios were 

presented in the discussion of the soil-gas. At present, 29 sampling points coinciding with the soil 

sample locations are planned for the three sites. 

Monitoring Well Sampling 

Monitoring wells will be installed to evaluate the impact of the three sites being investigated on the 

local groundwater quality and to assess the potential vertical and lateral migration of any 

contaminants. The potential vertical migration of the contaminants will be investigated through the 

construction of well clusters composed of shallow (50- to 60-foot deep), intermediate (IOO- to 150- 

foot deep), and deep (200- to 250-foot deep) monitoring wells. These will yield groundwater quality 

analyses from various depths and define the magnitude and direction of local vertical hydraulic 

gradients. The potential lateral migration of any contaminants will be investigated through the 

placement of wells both upgradient and downgradient from the sites. These wells will define the 

slope and gradient of the water table and thereby yield local directions of flow. A comparison of 
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water quality analyses from the upgradient and downgradient wells will show the impact of each site 

on the local groundwater quality. 

Two rounds of water-level measurements will be conducted to better define groundwater flow paths 

and horizontal and vertical gradients. The measurements will be conducted at each of the 

HALLIBURTON NUS-installed monitoring wells, the USGS well located south of Site 1, and five of the 

Grumman monitoring well clusters (GM-6, GM-7, GM-8, GM-l 2, and GM-l 3, see Figure 6-5). 

A total of 17 monitoring wells (7 shallow, 7 intermediate, and 3 deep) will be installed at the NWIRP. 

An additional well cluster (one shallow and one intermediate) may be placed, if the soil-gas and 

temporary monitoring well surveys indicate a contaminant plume passing between the Grumman 

monitoring wells. The preliminary locations of these wells are illustrated in Figure 6-5. As discussed 

above, the results of the soil-gas and temporary monitoring well program will be used to determine 

the exact locations of the wells. Because of the proximity and location of the three sites, some wells 

between Site 1 and Site 2 and 3 will perform two functions. That is, they will serve as downgradient 

wells for Sites 2 and 3 and will serve as upgradient wells for Site 1. Where possible, the site process- 

water wells will serve as medium or deep wells. Additional discussion on the location of the 

monitoring wells is provided in the RI Work Plan. 

The shallow and intermediate wells will be drilled with hollow stem augers. Formation samples will 

be collected every 5 feet with a split-spoon sampler. Every 10 feet, a sample will be collected, placed 

in a jar and the headspace will be analyzed using an HNU. The placement depth of the well screens 

will be based on the lithologic and contamination information obtained from these samples. 

The drilling of the deep wells presents problems. These wells are too deep to be drilled with the 

required large ID hollow stem augers. The potential presence of running or heaving sands presents 

special geotechnical problems. In addition, the New York State Department of Environmental 

Conservation (NYSDEC) has informed Geraghty and Miller, Inc., working on the adjacent Grumman 

facility, that the use of the mud rotary technique will not be allowed through the depth interval to be 

screened and monitored. Therefore, HALLIBURTON NUS plans to drill the deep wells with a hybrid 

technique currently being employed by Geraghty and Miller at the Grumman facility. This technique 

calls for the wells to be drilled with the mud rotary technique until the depth to be screened is 

reached. At this depth, a reverse-circulation water rotary technique will be used to advance the 

borehole through the interval to be screened to the total depth of the well. 
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An obvious requirement of this hybrid drilling technique is that the interval to be screened must be 

identified prior to the drilling of the well. To accomplish this, pilot holes will be drilled with small ID, 

hollow-stem augers. Split-spoon samples will be taken every 5 feet to identify the lithologies present 

at that location; the screen depth for the wells will be based on the results of the headspace analysis 

as with the shallow and intermediate wells and the lithology encountered in the pilot hole. Upon 

completion, the pilot holes will be backfilled with a bentonite/cement grout and abandoned. 

One round of groundwater sampling is proposed. Each new monitoring well will be sampled. The 

samples will be analyzed for TCL volatile and semivolatile organics and TAL metals. In addition, the 

samples will be analyzed for cyanide and hexavalent chromium. During the evaluation of the metal 

data, turbidity from the surrounding sediments often results in an over-estimation of risks associated 

with metal contaminants. As a result, the groundwater samples will be analyzed for total TAL metals 

and field-filtered TAL metals. These chemical analyses would be used to determine the nature and 

extent of contamination and to prepare a risk assessment. 

In addition to the chemical analysis used for the nature and extent of contamination and risk 

assessment, select samples will also be evaluated for engineering parameters. A total of three 

samples will be selected from all of the monitoring wells, based on the field screening data. One 

sample should represent a relatively low level of contamination, one sample should represent an 

intermediate level of contamination, and one sample should represent a high level of contamination. 

The selection of these wells will be determined based on the temporary monitoring well testing 

program. These engineering parameters consist of: 

0 pH, total dissolved solids (TDS), alkalinity, and hardness to evaluate the scaling potential of 

the groundwater; 

l Biological oxygen demand (BOD), total organic carbon (TOC), chemical oxygen demand 

(COD), and total suspended solids (TSS) to evaluate other contamination in the 

groundwater and potential treatment requirements. 

Four process water wells are located around Site 3 and a USGS well is located south of Site 1. Samples 

will be collected of the water in these wells and analyzed for TCL volatile and semivolatile organics 

and total TAL metal, cyanide, and hexavalent chromium. 
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Surface Water/Sediment Sampling 

Two samples of the surface water will be collected from one of the basins and two samples of the 

sediment from each of the three basins (total of six sediment samples). 

One surface water sample will be collected during a precipitation event to evaluate the potential 

transport of sediments into the basins, and the second sample will be collected during a non- 

precipitation event to evaluate potential contamination in process- generated wastewaters. The 

samples will be analyzed for TCL volatile and semivolatile organics and TAL metals. In addition, the 

samples will be analyzed for cyanide and hexavalent chromium. During the evaluation of the metal 

data, turbidity from the surrounding sediments often results in the over estimation of risks associated 

with the metals. As a result, the surface-water samples will be analyzed for total TAL metals and 

field-filtered TAL metals. These chemical analysis would be used to confirm the reported noncontact 

source of this waste water. 

The six sediment samples will be analyzed as the soil samples. The samples will be analyzed for TCL 

volatile and semivolatile organics, TAL metals, and cyanide. These results will be used to primarily 

determine the nature and extent of contamination and to prepare a risk assessment. 

Waste Sampling 

During the drilling operations in Site 2, sludge from the area of the former sludge drying beds may be 

encountered. One sample of this sludge will be collected to evaluate potential direct contact and 

groundwater contamination risks. This sample will be analyzed for TCL volatile and semivolatile 

organics, PCBs and pesticides, hexavalent chromium, TAL metals, and cyanide. These results primarily 

will be used to determine the nature and extent of contamination and to prepare a risk assessment. 

6.4 Sample Designation 

The following sample designations will be used. 

Location - Matrix-Site - Number - QA/QC qualifiers 
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The location is Bethpage: BP 

The matrices are: 

- Soil 

- Groundwater 

- Sediment 

- Surface water 

- Waste 

5 

G 

SD 

SW 

w 

The sites are 1,2, or 3. 

The numbers are matrix specific and will start with 01 for each matrix. 

The QAIQC qualifiers are: 

- Duplicate 

- Matrix Spike 

- Matrix Spike Duplicate 

- Field Blank 

- Rinsate Blank 

- Trip Blank 

D 

MS 

MSD 

FB 

RB 

TB 

6.5 Sample Equipment and Protocols 

The sampling equipment and protocols to be used are presented in Appendix A and are 

HALLIBURTON NUS Standard Operating Procedures GH-1.2 through GH-1.7 and GH 2.5. 

6.6 Sample handlinq and Analvsis 

Sample handling and analysis are presented in Sections 5.0,6.0, and 7.0 of this QAP. 

6.7 Equipment Decontamination 

The following procedure will be used on all reusable equipment between the collection of each 

sample. 
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Drilling Augers 

Steam cleaning. 

Split Spoons and Other Reusable Equipment 

l Remove debris with a scrub brush and tap water; 

0 Scrub with Alconox/DI water mixture; 

l Rinse with 10% nitric acid; 

l Rinse with DI water; 

l Rinse/scrub with methanol; 

l Rinse equipment three times with DI water and allow to air dry. 

7.0 SAMPLE CUSTODY J 
/‘,, ‘i,-/’ & < h p 

Sample custody procedures are designed to provide documentation of preparation, handling, 

storage, and shipping of all samples collected. An example of the chain-of-custody form, which will 

be used during this investigation, is included in Appendix B. 

Samples collected during the site investigation will be the responsibility of identified persons from 

the time they are collected until they, or their derived data, are incorporated into the final report. 

Stringent chain-of-custody procedures will be followed to document sample possession. 

7.1 Field Custody 

l The FOL, or his or her designee, is responsible for the care and custody of the samples 

collected until they are delivered to the analyzing laboratory or entrusted to a carrier. 

l Sample logs or other records will always be signed and dated. 

l Chain-of-custody sample forms will. be completed to the fullest extent possible prior to 

sample shipment. They will include the following information: project name, sample 

number, time collected, source of sample and location, description of sample location, 

matrix, type of sample, grab or composite designation, preservative, and name of sampler 

(see attached form). These forms will be filled out in a legible manner, using waterproof 

ink, and will be signed by the sampler. Similar information will be provided on the sample 

label which will be securely attached to the sample bottle. The label will also include the 
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general analyses to be conducted. In addition, sampling forms will be used to document 

collection, filtration, and preparation procedures. Copies of all logs used are provided in 

Appendix B. 

7.2 Transfer of Custodv and Shipment 

The following procedureswill be used when transferring custody of samples: 

l Samples will always be accompanied by a chain-of-custody record. When transferring 

samples, the individuals relinquishing and receiving them will sign, date, and note the time 

of the chain-of-custody record. This record documents the sample custody transfer from 

the sampler to the laboratory, often through another person or agency (common carrier). 

Upon arrival at the laboratory, internal sample custody procedures will be followed. 

l Prior to shipment to the laboratory for analysis, samples will be properly packaged. 

Individual custody records will accompany each shipment. Shipping containers will then be 

sealed for shipment to the laboratory. The methods of shipment, courier name, and other 

pertinent information, will be entered in the remarks section of the custody record. 

l All shipments will be accompanied by the chain-of-custody record identifying the contents. 

The original record will accompany the shipment; and a copy will be retained by the field 

sampler. 

l Proper documentation will be maintained for shipments by common carrier. 

7.3 SamDIe Shipment Procedures 

The following procedures will be followed when shipping samples for laboratory analysis: 

l Samples requiring refrigeration will be promptly chilled with ice or Blue Ice to a 

temperature of 4°C and will be packaged in an insulated cooler for transport to the 

laboratory. Ice will be sealed in containers to prevent leakage of water. Samples will not 

be frozen. 

l Only shipping containers that meet all applicable state and Federal standards for safe 

shipment will be used. 
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l Shipping containers will be sealed with nylon strapping tape, custody seals will be signed, 

dated, and affixed, in a manner that will allow the receiver to quickly identify any 

tampering that may have occurred during transport to the laboratory. 

l The field chain-of-custody document will be placed inside the shipping container in a 

sealed plastic envelope after the courier has signed the document. 

l Shipment will be made by overnight courier. After samples have been taken, they must be 

sent to the laboratory within 24 hours. 

7.4 Field Documentation Responsibilities 

It will be the responsibility of the FOL to secure all documents produced in the field (geologist’s daily 

logs, lithologic and sampling logs, communications) at the end of each work day. 

The possession of all records will be documented; however, only the project FOL or designee may 

remove field data from the site for reduction and evaluation. 

The data generated by the laboratory will be sent to HALLIBURTON NUS, validated, and stored by 

HALLIBURTON NUS until completion and acceptance of the RI and FS investigation reports. A final QC 

data report will be issued to the NCR at least 3 weeks before the final report is issued. 

a.0 CALIBRATION PROCEDURES ,+ ,? ’ _, i I , 

Field equipment such as the portable gas chromatograph (CC), the photoionization equipment (TIP 

or HNU), the pH and specific conductance meters, and any geophysical equipment used during this 

project will be calibrated and operated in accordance with the manufacturer’s instructions and 

manuals. A log will be kept documenting the calibration results for each field instrument. The log 

will include the date, standards, personnel, and results of the calibration. 

Calibration procedures for laboratory equipment used in the analysis of environmental samples will 

be performed in accordance with CLP requirements. 

L 

9.0 ANALYTICAL PROCEDURES 
c 

Environmental samples collected during the field investigation for chemical analyses will be analyzed 

using the appropriate analytical procedures as outlined in Sections3.3 and Table3-1 of this QAPP. 
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The methods are referenced to the appropriate CLP, EPA, or other guidance. pH of recharge basin 

water and groundwater samples will be analyzed in the field at the time of sampling. 

10.0 DATA REDUCTION, VALIDATION, AND REPORTING 1’ ” 

Data reduction, validation, and reporting are basic steps in the control and processing of field and 

laboratory project-generated data. Procedures for data reduction and reporting are described in the 

Site and Data Management Plan. Data validation procedures are described below. 

Data validation consists of a stringent review of an analytical chemical data package with respect to 

sample receipt and handling, analytical methods, data reporting and deliverables, and document 

control. The quality of data generated by a laboratory is extremely important; it is an integral part of 

the investigation and should be clearly tied to the project goals. Data used to develop qualitative 

trends, for example, will not have the same data validation requirements as data used for litigation m 

purposes. 

A qualified HALLIBURTON NUS chemist will analyze the analytical data package using CLP 

procedures. After the data is validated, a listing of non-conformities will be generated and used to 

determine whether the data can be utilized for its intended purpose (assessment, enforcement, 

litigation). Non-conformities require data qualifiers, which are used to alert the data user to 

inaccurate or imprecise data. For example, if holding times are exceeded, the data reviewer must 

qualify all positive results as estimated and all sample quantitation limits as estimated. For situations 

in which there are several quality control criteria out of specification (with regard to the limits 

specified in the Sampling and Chemical Analysis Quality Assurance Requirements for the Navy 

Installation Restoration Program), the data validator may make professional judgments and/or 

comments on the validity of the overall data package. In situations where the validity of an entire 

data package is in question, it may be necessary for the sample(s) to be re-analyzed. The reviewer will 

then prepare a technical memorandum presenting changes in the data, if necessary, and the rationale 

for making such changes. 

A QC data report shall be sent to the NCR at least 3 weeks before issuance of the final report. For 

Level D QC, a subset of data from the CLP data packages shall be submitted. For 20 percent of the 

water and 20 percent of the soil samples, the subcontractor shall submit the full CLP package. The 

report shall indicate the duration and location of storage for all raw data, QC charts, corrective 

action, sample lists, COC information, notebooks, work sheets, automated data processing system 

output, and calibration. The net result is a data package that has been carefully reviewed for its 
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adherence to prescribed requirements and is suitable for its intended use. Data validation thus plays 

a major role in determining the confidence with which key technical evaluations may be made. 

The final report, which shall be reviewed by the NCR prior to its release, will include a data summary. 

The summary of analytical data will exclude non-detected compounds. No subtraction of blanks will 

be allowed. Data will be flagged if blank contamination occurs. All data flags will follow the result in 

the summary. 

The final report will also include a QC summary section. The QC summary will discuss flagged data, 

laboratory blanks, matrix spikes/spike duplicates, control charts, laboratory duplicates, surrogate 

holding times, field blanks, trip blanks, rinsates, field duplicates, precision, accuracy, and 

completeness. 

The laboratory data for each sample will be reported in an appendix. These data will be presented in 

a spreadsheet format with all trip, field, and laboratory blanks marked. The format recommended by 

NEESA will be used. 

Field logs and forms will be included in another appendix. Another appendix will include method 

blank spike control charts, surrogate recoveries, matrix spike and duplicate, field, and laboratory 

duplicates for all spike samples. 

-;;! 
.I 

11.0 INTERNAL QUALITY CONTROL CHECKS / I- 
/’ 

Quality control samples generated by HALLIBURTON NUS will include the collection of field 

replicates, the preparation of field blanks, and the use of laboratory-prepared trip blanks. An 

approximate IO percent replication (one per losamples or one per sample matrix if less than 

losamples are collected (see Table 3-l) of recharge basin water and groundwater samples will be 

used to monitor the laboratory performance. Waste samples will not be replicated due to the 

nonhomogeneous nature of the samples. 

Trip blanks (VOCs only) will be shipped along with the sample bottles and will be analyzed 

concurrently with the collected environmental samples. Rinsates, prepared by running distilled water 

through the sampling equipment, will be analyzed to determine whether the sampling procedures 

may be biasing the data. Field blanks will be prepared at a rate of one per source per event; trip 

blanks at a rate of one per sample shipment. Procedures for collecting these samples are contained in 

the Section 6.0 of this QAPP. 
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There are two types of quality assurance mechanisms used to ensure the production of analytical data 

of known and documented quality. The internal quality control procedures for the analytical services 

are specified in the CLP protocol and Table 3-l. These specifications include the types of control 

samples required (sample spikes, surrogate spikes, controls, and blanks), the frequency of each 

control, the compounds to be used for sample spikes and surrogate spikes, and the quality control 

acceptance criteria. It will be the laboratory’s responsibility to document, in each package, that both 

initial and on-going instrument and analytical QC criteria are met. This documentation will be 

included in the data packages generated by contract laboratory. 

Analytical results of field-collected quality control samples will also be compared to acceptance 

criteria, and documentation will be performed showing that criteria have been met. Any samples in 

nonconformance with the QC criteria will be identified and reanalyzed by the laboratory, if possible. 

The following procedures will be employed for the NWIRP Bethpage samples: 

0 Proper storage of samples. 

l Use of qualified and/or certified technicians, 

l Use of calibrated equipment traceable to the CLP Protocol. 

l Formal independent confirmation of all computation and reduction of laboratory data and 

results. 

l Use of standardized test procedures. 

0 Inclusion of replicate samples at a frequency of one replicate per losamples or one per 

sample matrix if less than 20 samples are collected. 

/ 

,/ 

1 ,s’ 
12.0 PERFORMANCE AND SYSTEM AUDITS ; ” .. 

System audits will be performed on a semicontinuous basis, as appropriate, to assure that the work is 

being implemented in accordance with the approved project SOPS and in an overall satisfactory 

manner. 

0 The FOL will supervise and check on a daily basis that the monitoring wells are installed and 

developed correctly, field measurements are made accurately, equipment is thoroughly 
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decontaminated, samples are collected and handled properly, and the field work is 

accurately and neatly documented. 

l The data validator will review (on a timely basis) the data packages submitted by the 

laboratory. The data validator will check that the data was obtained through the approved 

methodology, that the appropriate level of QC effort and reporting was conducted, that 

holding times were met, and that the results are in conformance with the QC criteria. On 

the basis of these factors, the data validator will evaluate the data quality and limitations. 

l The project manager will oversee the FOL and data validator, and check that management 

of the acquired data proceeds in an organized and expeditious manner. 

l System audits for the laboratory are performed on a regular basis. 

A formal audit of the field sampling procedures will be conducted in addition to the 

auditing that is an inherent part of the daily project activities. 

l The auditors will check that sample collection, sample handling, decontamination 

protocols, and instrument calibration and use are in accordance with the approved project 

SOPS. The auditors will also check that the field documentation logs and chain-of-custody 

formsare being filled out properly. 

Performance audits of laboratories participating in the CLP are performed quarterly in accordance 

with the procedures and frequencies established by the CLP. 

13.0 PREVENTATIVE MAINTENANCE / . 

HALLIBURTON NUS has established a program for the maintenance of field equipment to ensure the 

availability of equipment in good working order when and where it is needed. This program consists 

of the following elements: 

l The equipment manager keeps an inventory of the equipment in terms of items (model 

and serial number) quantity and condition. Each item of equipment is signed out when in 

use, and its operating condition and cleanliness checked upon return. 

l The equipment manager conducts routine checks on the status of equipment and is 

responsible for the stocking of spare parts and equipment readiness. 

R-49-6-91-19 51 



l The equipment manager maintains the equipment manual library and trains field 

personnel in the proper use and care of equipment. 

l The FOL is responsible for working with the equipment manager to make sure that the 

equipment is tested, cleaned, charged, and calibrated in accordance with the 

manufacturer’s instructions before being taken to the job site. 

The laboratory follows a well-defined program to prevent the failure of laboratory equipment and 

instrumentation. This preventative program, includes the periodic inspection, lubrication, cleaning, 

and replacement of parts of the equipment. 

14.0 DATA ASSESSMENT PROCEDURES /! 

14.1 Representativeness, Accuracy, and Precision 

All data generated in the investigation will be assessed for its representativeness, accuracy, and 

precision. The completeness of the data will also be assessed by comparing the valid acquired data to 

the project objectives to see that these objectives are being addressed and met. The specific 

procedures used to determine data precision, accuracy, and completeness will be provided in the 

analytical reports. Accuracy will be determined using laboratory spiked samples and laboratory field 

blanks. 

The representativeness of the data will be assessed by determining if the data are consistent with 

known or anticipated hydrogeologic or chemical conditions and accepted principles. Field 

measurements will be checked for completeness of procedures and documentation of procedures and 

results. 

Precision and accuracy will be determined using replicate samples and blank and spiked samples, 

respectively. The specific procedures for determining PARCC parameters are outlined in Section 5.0. 

14.2 Validation 

Twenty-five percent of the analytical data packages for each media will be validated. If problems are 

found during this partial validation, then all the data packages will be validated. 
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14.3 Data Evaluation 

The evaluation of the data collected during the field investigation will be a comparison of: chemical 

concentrations in the hydraulically upgradient groundwater wells versus the chemical concentration 

in the downgradient groundwater wells; chemical concentrations in groundwater versus ARARs (such 

as the Safe Drinking Water Act MCLs) and risk-based concentrations; and chemical concentrations in 

soils versus background and risk-based concentrations. 

The chemical concentrations in the hydraulically upgradient groundwater versus downgradient 

groundwater will be compared to each other. Typically, a statistical approach (such as the t-test) can 

be used to determine is there is a significant increase in contaminant concentrations across a site. This 

increase would indicate that the site is a source of the contamination. However, because of the 

accelerated schedule of activities for this site, only one round of groundwater samples is being 

collected. This restricts the use of statistical approaches. The conclusions of the data collected at this 

time is expected to either conclusively indicate that the site is, or is not, causing groundwater 

contamination; or the data may be inconclusive and indicate that additional data collection is 

required. Relatively conclusive data that the site is causing groundwater contamination would occur 

if there is a significant (one or more orders of magnitude) increase in contaminant concentrations 

from the upgradient wells to the downgradient wells. If the contaminant concentrations are nearly 

identical (+/- 25%) in the upgradient and downgradient wells, then this would indicate that the site 

is not causing the groundwater contamination. Otherwise, the data is inclusive and additional 

rounds of groundwater sampling would be required to allow a statistical evaluation. 

The approach for evaluating contaminant concentrations in soils is different than that for 

groundwater since TCL organics are not naturally found in soils; there is no upgradient sources of soil 

contamination (except that carried into the site by groundwater); and TCL inorganics are naturally 

found in soils. Any detectable concentration of TCL organic concentrations is potentially significant 

and is an indication of past spills or leaks. Contaminant fate and transport properties (using 

soil/water partitioning calculations) and risk-based calculations would be used to determine if the TCL 

organic chemicals in the soils represent a significant risk to groundwater (environment) or to human 

health. 

A statistical approach (t-test) would be used to determine if the inorganic chemicals are present in the 

soils at concentrations above background (natural) concentrations. If contaminants are found at 

concentrations above background, then a risk assessment will be performed to determine if the 

contaminant concentrations represent a significant risk to human health. Soil/water partitioning 

calculations are not feasible for inorganic contaminants as they are for organic contaminants. 
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Therefore, if elevated inorganic concentration are found in the soils and in groundwater (above 

ARAR or risk-based concentrations), then additional partitioning tests would likely be required. 

About four to six soil samples will be collected to determine background inorganic chemical 

concentrations. These samples will be obtained from NWIRP perimeter locations, away from areas of 

activity and at a depth of about 3 to 5 feet deep. These locations are the most likely points at the site 

to collect background soil samples. 

15.0 CORRECTIVE ACTION J’ :’ 

The QA program will enable problems to be identified, controlled, and corrected. Potential problems 

may involve nonconformance with the SOPS and/or analytical procedures established for the project 

or other unforeseen difficulties. Any person identifying an unacceptable condition will notify the 

project manager. The project manager, with the assistance of the project QA/QC officer, will be 

responsible for developing and initiating appropriate corrective action and verifying that the 

correction action has been effective. Corrective actions may include the following: resampling 

and/or reanalysis of sample, amending or adjusting project procedures. If warranted by the severity 

of the problem (for example, if a change in the approved work plan is required), the Navy will be 

notified in writing and their approval will be obtained prior to implementing any change. Additional 

work that is dependent on a nonconforming activity will not be performed until the problem has 

been eliminated. 

The laboratory maintains an internal closed-loop corrective action system that operates under the 

direction of the laboratory QA coordinator. 

,/ .’ 

16.0 QUALITY ASSURANCE REPORTS ( 1: ,j*‘. 

/ ,’ 

The QAJQC advisor will review all aspects of the implementation of the QAPP on a regular basis and 

prepare a summary report. Reviews will be performed at the completion of each field activity and 

reports will be completed at this time. These reports will include an assessment of data quality and 

the results of system and/or performance audits. Any significant QA deficiencies will be reported and 

identified, and corrective action possibilities discussed. The laboratory will issue monthly progress 

reports. Other QA/QC reports are listed in Section 8.0. 
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1.0 PURPOSE 

The purpose of this procedure is to provide reference information regarding the Proper methods for 
evaluating exlstlng monitoring wells, and to insure that the validity of data to be collected from these 
wells is usable during site Investigations. 

2.0 SCOPE 

This procedure is applicable during stages of a Site invcntigation. The procedures are applicable to all 
existing monltorlng wells and, for the most part, are independent of construction materrais and 
methods. 

The program represents a comprehensive approach to evaluating existing monitoring wells. Because 
of its comprehensiveness, completion of the program as specified will result in some duplication of 
effoe. The actual Ievei of l valuation program will depend on the data that are available (or which 
can be made available), the use to which that data will be put (i.e., the data quality objectives), and 
the effect that data will have on the time, budget and data quality for the overall program. 

3.0 GLOSSARY 

Data Oualitv Obiectives !Du - qualit;btive and quantitative statements specifying data quality (i.e. 
measurement of uncertainty) required to suppoe the objectives of the groundwater monitoring 
program. 

4.0 RESPoNslUUnEs 

Site Geoiooiq - responsible for overseeing field inspection; and for assessing the structural integrtty 
of the wells and related field conditions. The geologist will carry out well evaluation procedures and 
assess the physical condition of the wells. fheso results and conclusions concerning the conditions of 
existing monitoring wells should be discussed with the Site Managor and field Operation Leader, who 
together, will then detprminc, which of the existing monitoring wells can bo utiked. 

5.0 PROCEDU MS 

Accurate, valid ad us&l groundwti~ monitoring requires that four important conditions be met: 

l P~opwtwact~zation of site hydrogqology; 

l Prow ddgrr of tha groundwator monitoring program, including adequate numbers of 
wells instalkd at l pprogriato locations ind depths; 

l Satisfactory methods of groundwater sampling and analysis to moot the data quality 
objectives (DQOs); 

l the assurhw that specific monitoring wdl wmpla l ~tativo of watof quality 
conditions in tf~e monitored intewal. 

to insure that theso conditions an mot, adequate descriptions of ‘subrurfa~o geology, well 
Con~W~aiOrr methods and wall testing results must be l vailabh. The following staph will help to 
insure that the required data are rvailablo to permit an evaluition of the utility of existing 
monitoring wells for collting additional samples 



c 
vum oef ?age Suolec: 

GH-1 2 3of4 
/ 

EVALUATION OF EXISTING Revmon Effecuve Oete 
MONITORING WELLS 1 0 5/0490 

1 

5.1 p~EL]lkllNARy EVALUAnON 

A necessary first step In evaluating existing monitoring well data will be the study and review of the 
orIgIna/ work pian for monltonng well installation (if available). This ~111 help to famlliarlre the 
geologist with specific slte condltlons requiring analysis, wtll promote. an understanding of the 

_ OrIgInal purpose of the monitoring wells and WIII help to determine if the well installation Can meet 
the current 0~0s. For example, existing wells may be sufficient for RCRA compliance but not for 
contaminant plume idantification. Of particular interest during this phase of the project ~111 be the 
rationale for the horizontal location of the wells and the vectical position and length Of the 
monitored interval. 

The neti step of the evaluation should involve a review of aii available information COnCernlng 
borehole. drilling and well ConstruCtiOn. This will allow interpretation of groundwater flow 
conditions and area geology and will help to establish consistency between hydraulic properties of 
the well to physical featum of the welt or formation. The physical features which should be 
identified and detailed, if available, include: 

l The well identification number, permit number and location by referenced coordinates the 
distance from prominent site features, or the location of the well on a map; 

l The installation dates, drilling methods, well development methods, and contractors; 

l The depth to bedrock - where rock cores were not taken, auger refusal, drive casing 
refusal or penetration test results (blow counts for split-spoon sampling) may be used to 
estimate bedrock interface; 

l The soil profile and stratigraphy; 

l The borehoie depth and diameter; 

l The elevation of the top of the protective casing, the top of the well riser, and the ground 
surface; 

l The total depth of the well; 

l The 9P@ Of wdl maUli& screen typ, slot site, and length, and the elevation/depths of 
the WOOIV, interval, and/or monitored interval; 

l The dWdWd*W Of the tom and bottom of the filter pack and wJI seals and the type 
and site. 

52 FIELD INSPMTIOW . . 

During the omit. inspection of existing monitoring wells, features to k noted in&do: 
. . 

0 Ttwcorrdition of the protwtive casing, cap and lock; 
0 fhe condition Of the Cement seal surrounding the pfota&o &ng; 
0 fhe Prosonce of deortions or standing weter around the ca&ng; 
l fh* PrWCO of any l iectrical cable and its connoctiom 

---.--. l 
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if the orotectlve casing, cap and lock have been damaged or the cement collar appears deterloratcd, 
Or ,f there are any depressions around the well casing capable of holding water, surface water may 
have Infiltrated into the Well. This may invalidate previous sampling results since the time when 
leakage rtaned IS unknown. 

The routine physical inspmion must be followed by a more detailed investigation t0 identffy Other 
- potential routes of contamination or sampling equipment malfunction. Any of these may invalidate 

previously-collected water quality data. if the monitoring well is to be used in the future, the steps 
described above should be taken to rehabilitate the well. After disconnecting any wire% cables Or 
electrical sources, remove the lock and open the cap. Check for the presence of organic vapors with a 
PI0 or FID meter and combustible gas meter to determine the appropnate worker safety level. The 
followlng information should be noted: 

0 Cap function; 

l Physical characteristics and composition of the inner casing of riser, including inner 
diameter and annular space; 

l Presence of grout between the riser and outer protective casing and the existence of drain 
holes in the protective casing; 

l Presence of a riser cap, method of attachment to casing, and venting of the riser; 

l Presence of dedicated sampling equipment; if possible, remove such equipment and 
inspect size, materials of construction and condition. 

l The final step of the field inspection is to confirm previous hydraulic or physical property 
data and to obtain dau not previously avrilablc Specific field investigative actlvitles 
which should b carried out include: 

0 This includw the d@Wminatiorr of static watw IevJs, total wall depth and welt 
obstruction. this may.k aCcomplished using a waightad tap@ measure which can also be 
used to check for sediment (the weight will advance slowly if UdiMnt is presant, and the 
presence of .qdimont orb the wdght upon removal should be noted). If sdiment is 
present, the wdl bo should bo redeveloped befarm sampling. 

l Asa final sty, the locatiorr, condition and expWed water quality of the wells should be 
reviawod in light of thair uufuln~ for the intended purposo,of the investigation. 

6.0 REcmm 

A record of aif fidd ploceduree, tW rird obswvatiom should bo recorded in a field log book. Entries 
in the 109 book should include the individuals participating in the fiJd efWt, and the date and time. 
The usa of annotated sketches may help to rupploment the ~aluatlan. 

. 
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1.0 PURPOSE 

The purpose of this procedure is to identify the equlpmeit, sequence of events, and appropriate 
methods necessary to obtain solI, both surface and subsurface, and rock samplel during field 
sampling activities. 

2.0 SCOPE 

The metho& described within this procedure are applicabli while collecting SurfaCe and Subsurface 
so11 samples; obtaining rock core samples for lithologic and hydrogeologic evaiuat:on: 
excavation/foundation design and related civil engineering purposes. 

3.0 GLOSSARY 

Hand Auger- A sampling device used to extract so11 from the ground in a relatively undisturbed form. 

Thin-Waited Tube Sampler - A thin-walled metal tube (also called Shelby tube) used t0 recover 
relatively undisturbed soil samples. These tubes are available in various sizes, ranging from 
2 to S incha 0.0. and 18 to.54inches long. A stationary piston device may bo included in the sampler 
to reduce sampling disturbanc~aand increasa sample recovery. 

Solit-Barrel Samoler - A steel tube, split in half Iengthwiu, with the halves hold together by threaded 
collars at either end of theurbe. Also called a split-spoon sampler, this device can bo driven into 
resistant materials using adrive weight mounted in the drilling string. A standard split spoon sampier 
(used for performing Standard Penetration Tests) is 2 inches outsido diameter (00) and l-3/8 inches 
inside diameter (IO). This standard spoon typically is l vailablo in two common lengths, providing 
either 204nch or 26-inch longitudinal clearance for obtaining l&inch or 24-inch long samples, 
respectively. These split-spoon samplers range in site from 2-inch 0.0. to 3-l/t-inch O.O., depending 
upon manufacturer. Thg laraer $zes are commonly used when a larger volume of material is 
required. 

.Rock Corinq - A method in which a continuous solid cylindrical samplo of rock or compact rock-like 
soil is obtained by the ..“oubk tuba core band that is equipped with an approprrate 
didmond-studdeddrill bitqhm is advanced with a hydraulic rotary drilling machine. 

Wire-Line Coria- As an l &am for conventional coring, this is vlluabl@ in dwp hole drilling, since 
this method diminat@s trimin of the holo with the coring equipment, With this technique 
the core barreI buomos a$integt+pn of the drill rod string. The drill rod u(ves as both a coring 
device and cwing. 

4.0 RtSPONSI#ltTlES 

Field Owrations w- Responsibk for ov8ralI managunont of field activities and’emuring that the 
appropriate sampling procedures l fo being implemented. 

Site Geolooisj - The site go&gist direct!y OVOM the sampling procduros, classifies soil and rock 
samples, l nd.directs the and shipping of soil samplok Such duties may also k p&ormed 
by geotechnical engin aicians, or other qualified fiel? pwsannd. 

?- Y. _ i 
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5.0 PROCEOURES 

5.1 SUBSURFACE SOIL SAMPLES 

Subsurface ml samples are used to characterize subsurface stratigraphy. This characterization can 
indicate the potentral for migration of chemical contaminants in the subsurface. In addition, 

definition of the actual migration of contaminants can be obtained through chemical analysis of the 
soil samples. Where the remedial activities may include in-situ treatment or the excavation and 
removal of the contamtnated ~011, the depth and areal extent of contamination must be known as 
accurately as possible. 

Engineering and physical properties of soil may also be of interest should site construction actiwtles 
be planned. Soil types, grain size distribution, shear strength, compressibility, permeability, plastlclty, 
unit weight, and moisture content are some of the physical characteristics that may be determined 
for soil samples. 

Penetration tests are also described in this procedure. The tests can be used to estimate various 
physical and engineering parameters such as relative density, unconfined compressive strength, and 
consolidation characteristics of soils. 

The procedures described here are representative of a larger number of possible drilling and 
sampling techniques. The choice of techniques is based on a large number of variables such as cost, 
OQOs, local geology, etc. The final choice of methods must be made with the assistance of drilling 
subcontractors familiar with the local geologic conditions. Alternative techniques must be based 
upon the underlying principles of quality assurance implicit in the following procedures. 

5.1.1 Eauiemen$ 

The following equipment is used for subsurface soil sampling and test boring: 

l Drilling equipment, provided by subcontractor. 

l Split barrel (split @on) samplen, 00 2 inches, IO l-W8 inches, either 204nch or. 26 inches 
long. Larger 0.0. sampI- are available if a larger volumeof samfile is needed. A common 
size is 3-inch 9.0. (20l/t-inch 1.0.). 

l Thin wall& tubes (Shelby), 0.0.2 to S inches, 18 to 54 inches long. 

0 Driveweight assembly, 1404b. ( t 2 lb.) weight, driving head and guide pormitting free fall 
of 30 indm( ti 1 inch). 

l Drive weight assembly, 3004b. ( f 2 lb.) weight, driving head and guide permitting free fall 
of 18inches( 2 1 inch). 

l Accessmy equipmen& including Iabels, lo&ok, paraffin, and urn@@ jam 

0334901 . 
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51.2 Split Barrel (Split 5poon) SamPlina (ASTM 01586=84) 

The folIowIng method WIII be used for split barrel sampling: 

0 

0 

Clean out the borehole to the desired sampling depth using equipment that wlli ensure 
that the material to be sampled is ndt disturbed by the operation. In saturated sands and 
silts, withdraw the drill bit slowly to prevent loosening of the roil around the hole and 
maintain the water level in the hole at or above groundwater level. 

Sid+discharge bits are permissible. A bottom-discharge bit shall not be uSed. The PrOCeSS 
of jetting through an open tube sampler and then sampling when the desired depth 1s 
reached shall not be permitted. Where casing is used, it may not be driven below the 
sampling elevation. 

jnstaii the split barrel sampler and sampling rods into the boring to the desired sampling 
depth. After seating the- sampler by means of a single hammer blow, three S-inch 
increments shall be marked on the sampling rod SO that the prop88 Of the sampler can be 
monitored. 

The Z-inch 00 split barrel sampler shall be driven with blows from a 140-lb. ( t 2ib.) 
hammer falling 30 inches (2 1 inch) until either a total of SO blows have beon applied 
during any one of the three dinch increments, a total of 100 blows have bun applied, 
there is no obswvod advance of the sampler for 10 suceessivo hammer blows, or until the 
sampler has advanced 18inchos without reaching any of the blow count limitation 
constraints described herein. This process is referred to as thestandard Penetration Test. 

A 300-lb. weight failing 18inches is sometimes used to drive a 2-l/Z-inch or 30inch 0.0. 
spoon sampler. This procedure is used where dense materials are l countered or when a 
large volume of sample is required. However, this method does not conform the ASTM 
specifications. 

Repeat this operation at intervals not greater than 5 feet in homogwwous strata, or as 
specified in tho sampling plan. 

Record the number of blows required to effect each 6 inches of Penetration or fraction 
thereof. ;Tho first 6inchos is considered to be seating drive. The sum of the number of 
blows required for the second and third 6 inches of peroration is termed the Penetration 
resim, N. if the s&npW is driven less than 18 inches, the ponwation resistance is that 
for the last 1 foot penmated. 

Rnng * sampler to the surface and remove both ends and one half of the split barrel so 
that the soil recovered rests iti the remaining half of the barn). Oesuik carefully the 
sampie interval, recovWy (length), composition, structure consistency, color, condition, 
etc., of the recovorod soil thm put a represontativo portion of each sample into a jar, 
WithOut ramming. Jan with.samplos not taken for chemical an&is *alI be sealed wtth 
wax, or hermetically sealed (using a trflon cap liner) to prevent evaporation of the so11 
moisture, if the sample is to k later evaluated for moisture cmmt. Affix lab& to the jar 
and complete Chain-of-Custody and other required sampI@ da fomn Protect samples 
against extreme temperature changes and breakago by placing them in appropriate 
can&s stored in a protected l re8. Pertinent data which *alI be noted on the label or 
w&W on the jar lid for each sample inciuda the projoe numbw, boring num&, sample 
numbof, depth interval, blow counts, and data of sampling. 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 
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l *n addition to the sampler mentioned above is an internal liner, which IS split 
longitudinally and has a thin-wall brass, steel, or paper liner inserted inrlde, which will 

preserve the sample. However, since the development of the thin-walled Samplers 
(mentIoned below) the split barrel sampler with liner has declined in use. 

5.1.3 Thin Wailed Tube (Shelbv Tube) Samoiina (ASTM 01587-W 

When it is desired to take undisturbed samples of soil, thin-walled SearfhSS tube SamPIerS (Shelby 
tubes) will be used. The following method wlii be Used: 

l Clean out the borehole to the sampling depth, being careful to minimize the chance for 
disturbance of the material to be sampled. In saturatg materials, withdraw the drill bit 
stowly to prevent loowning of the roil around the borehoie and maintain the water level in 
the hole at or above groundwater level. 

l The use of bottom discharge bits or jetting through an Opan-tub@ sampier to clean out the 
hole shall not be allowed. Any side discharge bits are permitted. 

l A stationary piston-tyPe sampler may bo required to limit sample disturbance and aid in 
retaining the sample. Either the hydraulically operated of control rod activated-typo Of 
stationary piston sampler may be used. Prior to inserting the tube sampler in the hole, 
check to ensure that the sampler head contains a check valve. The check valve is necessary 
to keep water in the sampling rods from pushing the sample out of the tube sampler 
during sampio withdrawal and to maintain a suction within the tube to help retain the 
sample. 

l To minimize chemical reaction between the sample and the sampling tuba, brass tubes 
may be required, especially if the tube is stored for an extendad time prior to testing. 
While steel tubes coated with shellac are less l xPensive than brass, they are more reactive, 
and shall only be used when the sample will be tested within a few days after sampling or if 
chemical reaction is.not anticipated. With the sampling tube resting on the bottom of the 
hole and the wit* level in the boring at the groundwator level or above, push the tube 
into the soil by a continuous and rapid motion, withou’t impacting or tvvisting~ in’ no case 
shall the tube be pushed frrther than the length provided for the soil sample. Allow about 
3 inches in the tuk for cut&g, and Judge. 

l Uporr nmovri of the samplof tube from the hole, measure the length of umplo in the tube 
and air0 the length pwwtratd. Remove disturbed material in the upper end of the tube 
and ~WBUN the length of sample again. After removing at i&t an inch of soit from the 
iowef d and after irrJIItifIg an imp@fvious disk, seal both ends of the tuk with at least a 
ll&inch thiCkno of wax l died in a way that will prevent the WUI from entering the 
samPl*. News~a~nr OI ti types of filler must w piac& in voids at ohher end of the 
samPier prior to ain0 with w8x. ptace plastic u~son the ends of tt~o sample, tape in the 
caps phco, and dip the on& in wax. 

l Affix iab& to th0 tub08 as required and record sample number, de@, -a&n, and 
r=ovq length on the IaM. Mark the same information and *UP* dirmort m the tube 
with inddiblo ink, and ma& ttW end of the sam$lo. Corn@- chain+f-Curtody and other 
rwuird fonfw. Do not allow tubes to freeze and store thq samples vdcdly (with the 
same OrienWM they had in the ground, i.e., top of sample is up) in a cod @rte out of the 
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Siln at all times. Ship samples orotected with suitable resilient packing material to reduce 
shock, vibration, and dtsturbance. 

Thin-walled updrrturbed tube samplers are restncted in their usage by the consistency of the SOI/ ?o 
be sampled. Often, very loose and/or wet samples cannot be retrreved by the samplers, and 5011s wtth 
a consistency In excess of very strff cannot be penetrated by the sampler. Oevlces such as Oenlson or 

_ Pitcher core samplers can be used to obtain undisturbed samples of stiff soils. Using these devices 
normally increases sampling costs and therefore their use shall be weighed against the Increased cost 
and the need for an undisturbed sample. In any case, if a sample cannot be obtained with a tube 
sampler, an attem‘pt shall be made wtth a split barrel sampler at the same depth so that at least a 
sample can be obtarned for clasafication purpos8s. 

5.1.4 Continuous Core Soil Samalq 

The CME continuous sample. tube system provides a method of sampling soil continuously during 
hollow stem augering. The S-foot sample barrel fits within the lead auger of a hollow auger column. 
The samplng system can bo used with a wide range of I.D. hollow stem augers (from 3-l/4-inch to 
8-l/Cinch I.D.). This method has been used to sample many different materials such as glacial drift, 
hard clays and shales, mine tailigr, etc. This method is particularly used when SPT samples are not 
required and a largo volume of material is neded. Also, this method is useful when a visual 
description of the subsurface lithology is required. 

5.2 SURFACE SOIL SAMKIS 

For loosely’packed earth or waste pile samph, stainless Itti scoops or troweir can b used to collect 
representative samples. For densely packed soils or d-pet soil samples, a hand or power soil auger 
may br used. 

The following methods are to bo used: 

0 Use a soil auger for deep samples (6 to 24 inches) or a scoop or trowel for surface samples. 
Remove debris, rocks, twigs, and veqetation before collection of soil. Mark the location 
with a numbered stake if possible and locate sample points on a sketch of the site. 

0 Use a now or frtilydocontrminated sampler for each sample taken. Attach a label and 
identification tag. R~urd all requirad information in the field logbook and on the sample 
log shoot, Chrinlof-Custody record, and other required f-8. 

0 Pack Hd ship accordingly. 

l When a revs cornposited sample is to be prvnd (cg., umplos taken from a 
gridded iror or from sevorti different depths), it is host to composite individurl sampler in 
the laboratory whora thy cm bo more precisely composiud OCI a weight or volume basis. 
If this is not possibb, the individual urn@- (rll of rqu& vobmo, i.e., the sample bottles 
shall bo full) shall be placed in a decontaminrtti stainI= stW buck* mixed thoroughly 
using a stainless stn( mtulr or trowel, and a comporiw sample cdlowd. 
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5.3 WASTE PILE SAMPLES 

The use of StaInless steel scoops or trowels to obtain small discrete SamPleS Of homogeneous Waste 
plleS IS usually sufficient for most conditions. Layered (nonhomogeneous) plies recwre the use of 
tube samplers to obtain croWSeCtiOnal SamPieS. 

0 Collect small, equal portions of the waste from several points around the pile, penetrating 
it as far as practical. use numbered stakes, If posscble, to mark the SamPling locatIons and 
locate sampling points on the site sketch. 

l place the waste sample in a glaSS container. Attach a label and identification tag. Record 
all the required information in the field logbook and on the sample log sheet and other 
required forms, 

For layered, nonhomogeneous piles, grain samplers, sampling trier% or waste Pii@ Mf’VlWS must be 
used at several representative locations to acquire a cross-section of the pile. The basic steps to obtain 
each sample are 

l Insert a sampler into the pile at a O- to 4Sdegrw angle from the horizontal to minimize 
spillage. 

l Rotate the sampler once or twice to cut a core of waste material. Rotate the grain sampler 
inner tube to the open position and then shako the sampler a few times to allow the 
material to enter the open slits. Move the sampler into position with slots upward (gram 
sampler closed) and slowly withdraw from the pila. 

5.4 ROCK SAMPUNG (CORING) (ASTM 0211343) 

Rock coring enables a detailed assessment of boreholo conditiom to ba mado, showing precisely all 
lithologic changes and characteristics. Because coring is an expensive drilling method, it is commonly 
useo for shallow studies of SOOfoot or less, or for specific intorvrls in the drill hole that require 
detailed logging an&or analyzing. It can, howovor, proceed for thousands of feat continuously, 
depending on the size of tho’drill rig. It yields bettor quality data than air rotiry drilling, although at 
a substantially reduced drilling rata. Rate of drilling varies widaly, damding on the characMistic$ of 
lithologies encountered, drilJing methods, depth of drilling, and condition of.drilling equipment. 
Average output in a N-hour dry rangas from 40 to over 200 fwL Downhdo geophysical logging or 
television camera monitoring is %OmOtimes used to cornplwwnt the da- gwwated by coring. 

8orehole diam8tu Qn be drilled to various sire% depending on tha information needed. Standard 
Si 28s Of COW buds (showing core dirnwter) and casing are shown in Attachment No. 1. 

core drilling iS uud’wh@n for~~~crtiom .ara too hard to be sampled by &il sampling m&ods and a 
continuous solid sample is desird. Usually, soil samples are uw for ove&urdan, and coring wins in 
sound bedrock. Casing ir ut into badrock before coring b@ns to prm I- matwal from 
entering the borehole, to prevent lti of drilling fluid, ad to P&J& crm .cmminauon of 
aqui fefs. 

0334901 
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ATTACHMENT I 

STANDARD SIZES OF CORE BARRELS AN0 CASING 

Car1179 bit site 
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P, :e nNn 

ba. cal~lrps 
O. o., ,,fi,$ in:k bit O.Q, bit 00, 

o$& ~ma~Thmmll 

,Km ’ Inch@3 mclu9 
inch¶ I IX?+43 

Core 
imtn* 

bed 
bltr 

‘RX RW I.437 I437 I.160 I 42s I.160 I.094 - 735 

cx a I.8f2 I.812 I.300 I.675 I .470 I.31 3 $43 90s 

AX A 2 2so 2.230 I.906 2.349 I .m I 625 I.1 6s I 281 

ax 8 2.676 2.676 2.373 2.969 2346 I.908 I 6Sb I .7so 

NX N 3.900 uoo '1000 1613 2.666 2.379 2lS3 .2.313 

nx nw 4.300 4300 3.9U 4.S2b 3.830 3300 3.006 3.167 

RW RW I 437 I .4as I .I60 1094 - ,735 

cw Err I.812 I.875 I .rm I.379 843 so? 

AW AW 2.230 2.343 t.071 I.730 1.161 1.2@, 

IW DW 2.879 2.965 2349 2129 1.6s I.730 

NW NW f.SOO a 
t ,'- 

Q 

s.61~ 2aU 2.823 2.139 2.313 

nw nn 4.500 
I 

4629 3.m MOO 3.ooo 3.187 

PW - 3.3ao & p mso - - - - 

SW - 6.628 6790 - - - - 

uw - 7.629 7600 - - - - 

tw - 642s aa10 - - Y - 
l - AX& - - - - I .a79 . l.7$0 igo - 
- @Xfi -, - .e - 2369 2zso I437 - 

.- NH&.- - -.- 2989 adIS I.937 - 

lwMlAL DIMNSIONS FOR DRILL CASINGS AND 

ACCESSORIES. ~(DIMOMQ CORE DRILL HAMJFACTURLRS 

AS~OCIATIOR), 288-D-2889. 
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Drilling through bedrock is initiated by using a diamond-tipped core bit threaded t0 a drill rod (outer 
core barter) w,th a rate of drilling determined by the downward pressure, rotation IPeed Of drrll fOdS. 
drilling flu,d pressure In the borehole, and the characteristics Of the rock (mineralogy, CemCntdtlOn, 
,weatherlng). 

5.4.1 Diamond Core Orillinq 

A penetration of typically lest than 6 inches per 50 blows using a loo-lb. hammer dropplng 30 i&her 
with a z-inch split spoon sampler shall be considered an indication that soil sampling methods may 
not be applicable and that conng may be necessary to obtain Samples. 

When formations are encountered that are too hard to be rampled by soil sampling methods. the 
following diamond coredrilling procedure may be used. 

l Firmly seat a casing into the bedrock or the hard material to prevent loose materials from 
entering the hole and to prevent the loss of drilling fluid return. Level the surface of the 
rock or hard material when necessary by the use of a fishtail or other bits. If the drill hole 
can be retained open without the casing and if cross contamination of aquifen in the 
unconsolidated materials is unlikely, it may be omitted 

l &gin the core drilling using a double-tube swivel-con barrel of the desired size. After 
dnlling no more than 10 feet (3 m), remove the core band from the hole, and take out the 
core. If tho core blocks the flow of the drilling fluid during drilling, remove the core barrel 
immediately. In soft materials, a large starting site may be svified for the coring tools; 
where locai experience indicates satisfactory core recovery or where hard, sound matenals 
are anticipated, a smaller sira or the singletuk typ@ may b specified and longs runs may 
be drilled. NXlNW site coring equpmem is the most commonly used sira 

l When soft materials are encountered that produce less than 50 percent recovery, stop the 
core drilling. If soil samples are desired, secure such samples in accordance with the 
procedures described in ASTM Method D 1586 (Split Barrel Sampling) or in Method 0 1587 
(Thin-Walled Tube Sampling) for Sampling of Soils (se0 %ction 5.1.1 and 5.1.2). Resume 
diamond core drilling when refusal materials are again encountef&., 

. 
l Since rock structures and the occurrence of seams, fisurr@s, cavitim, and brokeA areas are 

among the most important items to tH detected and described, take special care to. obtain 
and rUord thesa fQ8tunr. If such broken ton- or crviti~ prevent further advance of the 
boring, OIH of the fallowing thrw steps shall ba taken: (1) coment the hole; (2) ream and 
cam; 01 (3)Cw and advmc@ with the next smrllef size core barrel, as the conditions 
Wdnnt 

l In soft, timY, OI qthOfwis@ unsound rodt, whore con racovw may k diffificult, M-design 
core bartds may k uwd. In herd, sound rock whore a high porcorttago of core recovery is 
anticipated, the singlo-tlk core barrel mry be employed. 

Once the rock coring hn been completed and tha core rubvorad, the rock con shall bo carefully - 
removed from the barrol, pl&d in a core tray (previausiy lab&d ‘top’ and ‘bqttqm’ to avo(G - 
confusion), classified, and measured for (nrcentago of racovq as unll as the rock quality designatton I 
(RQO). Each con shall be doscribed, cfassified, and loggod using I uniform system as presented in . 
Procedure GH-1 .S. If moisture c t-0 .ent will be determined 01 if it is duitablo to prevent drying (e g.. 

I m 
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to prevent rhrinkage of clay formations) Or oxidation Of the core, the core shall be wrapped in plastic 

sleeves immediately after logging. Each plastic sleeve shall be labeled with Indelible ink. The boring 
number, run number, and the footage represented II? each Sleeve shall be Included, as weI1 aS the top 
and bottom of the core run. . 

After sampling, rock cores shall be placed in the sequence Of recovery in welltonstructcd wooden 
boxes provided by the drilling COntraCtOr. Rock cores from two different borings shall not be placed 
in the same core box unless accepted by the Site Geologist. The core boxes shall be constructed t0 
accommodate at least 2Olinear feet of core in rows of approximately 5 feet each and shall be 
constructed with hinged tops secured with screws, and a latch (usually a hook and eye) to keep the 
top securely fastened down. wood partitions shall be placed at the end of each core run and 
between rows. The depth from the surface of the boring to the top and bottom Of the droll run and 
run number shall be marked on the wooden partitions with .indeliblo ink. A Wooden partition 
(wooden block) shall be placed at the end of each run with the depth of the bottom of the run 
written on the block. These blocks will serve to separate ~ucces8ive core runs and indicate depth 
intervals for each run. The ardor of placing cores shall be the same in all core boxes. Rock core shall 
be placed in the box so that, when the box is open, with the inrido of the lid facing the oburver,the 
top of the cored interval contained within the box is in the upper left corner of the box,and the 
bottom of the cored inten+! is in the lowor right corner of the box (see Attachment 2). The top and 
bottom of each core obtained and its true depth shall be clearly and permanently marked on each 
box. The width of each row must be compatible with the core diameter to prevent lateral movement 
of the core in the box. Similarly, an empty space in a row shall be filled with an appropriate filler 
material or spacers to provent longitudinal movement of the core in the box. 

The inside and outside of the core-box lid shall be marked by inddible ink to show all pertinent data 
on the box’s contents. At a minimum, the following information shall bo included: 

0 Project name 
l Project number 
l Boring number * 
l Runnumbers 
l Footago (depths) 
l Recovery 
l WOW 
l 80x number and total number of boxes for that boring (Example: 80~ 5 of 7); 

for l asy ~~~~~ khan Con boxes are stacked, the sides and endsof the box shall aIs0 by labeled and 
include Proja Nmk, borin0 numb% top and bottom depths of core and box number. 
Attachmnt Na 2 illustrates a typical rock core box. 

Prior to finacddw of th0 CON box, l photograph of the recovered core and the I&oling on the 
inside COVw hall k t&W. If moirturo content is not critic&, the cm &a!1 k wetted and wiped 
Clean forth* photograph. (this will hdp to show true colors and bidding features in the corm). 
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1.0 Pu RPOSE 

The purpose of thrs procedure is to dexrrbe tt- nerhods, the sequence of operatlonr and the 
equipment necessary to perform so11 and rock borings. 

- 2.0 SCOPE 

This guideline addresses most of the accepted and standard drilling techniques, their benefits and 
drawbacks. It should be used generally to determine what type of drilling techniques would be most 
successful depending on We-specific geologic conditions and the type of sampling required. 

3.0 GLOSSARY 

0ould.q - Rounded, semi-rounded or naturally angular partictes of rock larger than 12 inches ~fl 
diameter. 

c&. Fine graind soil or portions of soil having certain physical properties, composition and texture. 
Clay exhibits plastic properties within a range of water contents and exhibits considerable strength 
when air dried. Clay consists usually of fragments of hydrous aluminum or magnesium silicate 
minerals, and it consists predominantly of grains with diameters of less than 0.005 mm. 

- Cobble? Rounded, semi-rounded or naturally angular particles of rock between 3 inches and 
12 inches in diameter. 

Gravel - Rounded or semirounded particles of rock that will pass a 3inch sieve (7.62cm) and be 
retained on a No. 4 U.S. standard sieve (4.76 mm). Coarse gravel is larger than Y&nches, while fine 
gravel is finer than 3Winches. 

Stont - Crushed or naturally angular particles of rock that will pass a 3inch sieve (7.62’cm) and be 
retamed on a No. 4 U.S. standard sieve (4.76 mm). 

&& - Any consolidated or coherent and relatively hard, naturally formed mass of mineral matter. 
. . 

Sand - Particles of rock’ that will pass a No. 4 U.S. standard Jevo (4.76mm) and be retained on a 
No. 200 US. standard sieve (0.074mm). Cmrsesand is largerthan a No. 10 sieve, and fine sand is finer 
than a No. 40 sieve (0.42 mm). 

m - Material pIIliq the NO. 200 U.S. standard sieve (0.074 mm) that is nonplastic or very slightly 
plastic and that exhibib littleor no strength when air dried. 

u l Sediments or ‘0th~ uncomdidated accumulations of solid particles that are produced by the 
physical and chemical disintegration of rock and that may contain organic matW. 

Y d’sturbed Sa ~16 - A soil sample that has been obtained by methods in, which every pruaution has 
b:A taken to’znimize disturbance to the sample, 

Water faW-A ~rfaco in an aquifer where groundwater pressure is equal to atmospheric pressure. 



iualect Numaer page 
GH-1.4 3 of 20 

SOIL AND ROCK %wlsion i !!ecKrvo Oat. 
ORILLING METHODS ? 

o s,oo/go 

4.0 RESPOfiSl6lLlflES 

Site Manager - IR consultation with the project geologln, responable for evaluating the drtlling 
requirements for the srte and specifying drilling techniques that WIII be successful given the study 
objectives and geologic conditions at the site. He should also-determine the disposal methods for 
products generated by dnlling, such as drrll cuttings and well development water, as ,+vell as any 

_. specialized supplies or logIstical support required for the dnlling operations. 

Site GeoloaistlRiti Geoloaist - Responsible for insuring that standard and approved drilling 
procedures are followed. The geologist will generate a detailed bonng log for each test hole. This 
log shall include a description of materials, samples, method Of sampling, blow counts, and other 
peninent drilling and testing informatlon that may-be obtained during drilling.(see Attachment A of 
Procedure CH-1.7). Often this position for inspecting the drilling.operations may be filled by other 
geotechnical personnel, such as 5011s and foundation engineers, civil engineers, etc. 

Determination of the exact location for borings is the responsibility of the site geologist. The final 
location for drilling must be properly documented on the boring log. The general area in which the 
borings are to be located will be shown on a site map included in the Work plan. 

Field Ooerations Leader - Responsible for overall supervision and scheduling of drilling activities. 

Drillina Subcontractor -.Responrible for obtaining all drilling permits and clearances, and supplying 
all services (including labor), equipment and material required to perform the drilling, testing, and 
well installation program, as well as maintenance and quality control of such required equipment 
except as stated in signed and approved subcontra-. 

The driller must report any major technical or analytical problems encountered in the field to the 
Field Operations Leader within 24 hours, and must provide advance writton notification for any 
changes in field procedures describing and justifying such changes. No such changes shall be made 
unless requested and authorized in writing by the Field Operations Leador. 

The drilling subcontractor will be’rnponsible for following decontamination procedures specified in 
the Work Plan. Upon completion of the work, the Drilling Subcontractor will bo responsible for 
demobilizing all equipment, cleaning up any materials doposited on dto during drilling operations, 
and property backfilling any open borings. 

5.0 PROCEWrrit 

5.1 GENERA& 

The purpose of drilling boreholes is: 

l To dotermino the tym, thickness; and certain physical and chemical properties of the soil, 
water and rock strata which underlie the site, and 

l To install monitoring wells of piitometm 

All drilling and sampling equipment will be clean& using l ppropriiu docorttemination procedures 
(see ProcedurO..GH-1.6 and Sf-2.3) between samples and borings Unless othefwiso specified, it is 
generally a&is&lo to drill borings at “clean” locations first, and at the most contaminated locations 
last, to reduce the risk of spreading contamination betwwn location.. &I borings must be logged by 
the n9 geologist as they proceed (see Procedure GH-1.5) uniesa the FSAP -tically stat- that 
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jogging IS not required. Situations where logging would not be required would include installatton 

of multiple well points wlthln a small area, or a “second attempt” boring adjacent to a boring that 
could not be continued through resistant material. In the latter case, the boring log can be resumed 
5 feet above the depth at which the initial boring was abandoned, although the rig geOlOgiSt should 
still confirm that the rtratigraphy at the rednlled location conforms l rrentlally with that encountered 
at the original location. If significant differences are seen, each hole should be logged separately. 

5.2 ORILUNG METHOOS 

The selected drilling methods described below apply to drilling in subsurface materials, including, but 
not limited to, sand, gravel, clay, silt, cobbles, boulders, rock and man-made fill. Drilling methods 
should be selected after studying the site geology and terrain, PUrPoSe of drilling, waste conditions at 
the site, and the overall subsurface investigation program proposed for the site. The full range Of 
different drilling methods applicable to the proposed program should be identified with final 
selection based on relative cost, availability, time constraints,.and how well each method meets the 
sampling and testing requirements of the individual drilling program. 

5.2.1 Continuous-fliaht Hollow-Stem Auaer Oriltinq ‘ 

This method of drilling consists of screwing augers with a hollow stem into the ground. Cuttings are 
brought to the surface by the rotating action of the auger. This method is relatively quick and 
inexpensive. Advantages of this type of drilling in&de: 

l Samples can be obtained without pulling the augers out of the hole. Howevw, this is a 
poor method for obtaining grab samples from thin, discret. formations becauu of mixing 
of soils which occurs as the material is brought to the surface. Sampling of such formations 
will require the use of split-barrel or thin-wall tube samplers advanced through the hollow 
core of the auger. 

l No drilling fluids are required. 

l A well can be installed inside the sugar stem and backfilled as the augers are withdrawn. 

Disadvantages and limitations of this method of drilling incfud8: 

l Augering can only kdon8 in unconsolidated mawrials. 

l The inaido diamrtor of hdlow stem augers used for wJI installation should ba at least four 
i nchos gr@atof than the well casing. ,Uu of such large diamotor hollow stem augers is more 
Q-u0 than the us@ of wyll diamaw l ugws in bortiolos not used for wJI installation. 
Furthermore, the dens&y of unconsolidated mattiak and depths b8com8 .mor8 of a 
limiting factor. More friction is produced with the largw diamitw auger and subsequently 

: greater toquo is needed to advanco the boring. 

l l’he maximum l ffactivo depth.for drilling is 150 fm or less, depending on site conditions 
ad the sit8 of wgofs used. 

l ln l ug8fing through dean sand formations b&w the watof taM8, th8 sand will tend to 
ffOW.intO th8 hollow st8m wh8n th8 plug is r8mov8d for soil wmpling or wail installation. 
If th8 condition of *running’ or “flowing” sands is pef&$t@nt at l site, an alternatIve 
method of drilling is recommended, in particular for tils or bwMolm doepar than 
25f~t. Hdlo~ st8sn auger drilling is the preferred method of drilling. lost l kernauve 

. . 



?4UrpOlf 
jb31ecI 

?aq* 
GH-1.4 5 of 20 

r 
SOIL AND ROCK Revlslon .Effrmvo Data 
DRILLING METHODS 1 0 s/04/90 

methods requ,re the introduction of water or mud downhole (air rotary is the excePtIOn) 
to maintain the open borehole. With these other methods great cafe must be taken to 
enSUrf that the method does not Interfere wtth the collection Of a representative sample 
which is the object of the construction. With this in mrnd, the preferred order of choice of 
dr!llir?g method after hollow stem augerlng VGA) is: 

- Cabie tool 
- Casing drive (air) 
- Air rotary 
- Mud rotary 
- Drive and wash 
s Jetting 

However, the use of any method will also depend on efficiency and Cost-dfectiveneS%. In many CaSeS, 
mud rotary is the only feasible alternative to hollow stem augering. Thus, mud rotary drtlling is 
generally acceptable as a first substitute for MA. 

The procdurw for mmpling soils through holes drilled by hollow-stem auger shall conform with the 
applicable ASTM Standards: 01587-83 and 0158644. The hollow stem auger may be advanced by 
any power-oprat& drilling machine having sufficient torque and ram range to rotate and force the 
auger to the desired depth. The machine must, however, be eguipPed with the accessory equipment 
needed to perform required sampling, or rock coring. 

When taking soil samples for chemical analysis, the hollow-stem auger shall be plugged until the 
desired sampling depth is reached. Samples can be taken using split-spoon or thin wall tube samplers 
driven into the formation in advance of the auger (SW Procedure W-1.3). If the sample is to be taken 
at a relatively deep point, the auger may be advanced without a plug to within five feet of the sample 
depth. Then clean out the auger stem, insert a plug and continue to the sampling depth. The plug is 
then removed and samples taken as specified by the rig geologist. Samples should be taken 
according to the specifications of the sampling plan. Any required sampling shall be performed by 
rotation, pressing, or driving in accordance with the standard or approved method governing use of 
the particular samplingtool. The seguonce shall be rePeated for each sample desired. 

. . 
The hollow-ctem auger may be used without the plug when boring for geotechnical examination or 
for well installation. 

When drilling b&w the water table, sPeciallydesigned Plugs which allow ~assago of formation 
water but not solid matorirl shall be used (see Reference 1 of this guideline). This method also 
prevents blow back and plugging of the auger when the plug is removd for sampling. 

AltematW, it mW be mcessafy to keep the hollow stem full of water, at Ie#t to the level of the 
water table. to PrWWt blow&k and plugging of the auger. If water is added to the hole, it must’ be 
sampled and analyzed to detormino if it is free from contaminants Prior to use. In addition, the 
amount of water introduced, the amount recovered upon l ttrirrmortt of dePth, and the amount of 
water extracted during wdl.-development must be carefully loq@ in ordr to ensure that a 
representative Irm@O of the formrtion water can k obtained. Wall development should occur as 
S~'i~~w~lc~pl~~n(xrctiablO(~CH-1.7fOr WOII DWdOpm0fltproCdu~. If gravelly 
or hard material is encounter& which m advancing the augu to the d&red dm, augering 
should be halted and Jthof driven casing 01 hydraulic rotary rnw should k l tumpud. If the 
depth to the bedroWsoil intirtaco and bedrock lithology must k determine& then a s-foot 
Confirmatory core run should ba conducted (see Section 5.2.9). 

033wM .. 
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At the Obt,on of the Field Operations Leader, when reSIStant materIdS prevent the advancement Of 

the auger, a rew bonng can be attempted. The origlnal boring must be properly backfilled and the 
new boring Started a ShOn distance away at a lOCatIOn determlned by the Site geOlOgiSt. if mUltlPle 
water bearing strata were encountered, the original boring must be grouted. In some fOrmatIOns it 
,may be prudent to alSo grout boring; which only penetrate the Water table aouifer, Since IOOSe 5011 
backfill in the boring would still provldc a preferred pathway for Surface liqutds t0 reach.the Water 
table. 

5.2.2 Continuous=Fliaht Solid-Stem Auaor Orillinq 

This method is similar to hollow-stem augering. Practical application of this method is severely 
restricted a; compared with hollow stem augers. Split barrel (splitqoon) rampling Cannot be done 
without pulling the augers which niay allow the hole to collapse. The method is therefore very time 
consuming and is not cost effective. Also, augers would have to be withdrawn before installing a 
monitoring well, which again, may allow the hole to Collapse. Furthermore, geologic logging by 
examining the soils brought to the surface is unreliable,as in the case of the hollow stem auger, and 
depth to water may be difficult to determine while drilling. 

There would be very few situations where use of a solid stem auger would be preferable to other 
drtlling methods. The only practical applications of this method would k to drill boreholes for well 
installation where no lithologic information is desired and the soils are such that the borehole can be 
expected to remain open after the augon are withdrawn. Alternatively, the technique can be used to 
find depth to bedrock in an area when no other information is required from drilling. 

5.2.3 RoWv Drillinq 

OirM rotary drilling includes air-rotary and ffuid-rotrry drilling. Air-rotary drilling is a method of 
drilling where the drill rig simultaneously turns and exerts a downward pressure on the drilling rods 
and bit while circulating compressed air down the inside of the drill rods, around the bit, and out the 
annulus of the boreholo. Air circulation serves to both cod the bit and remove the cuttings from the 
borehole. Advantages of this method include: 

l The drilling rate is high (even in rock). 
l The cost per foot of drilling is rolrtively low. 
l Air rotary rigs are commOn in most areas. 
l No drilling fluid is req&ed (except when water is injw d to keep down dust). 
l The bor@hofo diamm is large, to allow room for prop ~041 installrtiorr procedures. 

Oisadvantaga to using this methed include: 

l kmmtlons must be loggod from the cuttings thn are blown to the wrfwo and thus the 
depths Of m8twirls loggod m approximate. 

0 Air blown into the formation dbring drilling my “bind’ the formotion l nd impede well 
devUopmm and natural groundwator flow. 

. l In-situ s8mpbs cannot k ukon, unless thi hdo is cas& 

l aring must QIMIIJly k used in unconsolidated mat&rlr 

l Air rotary drill rigs are Iargo and heavy. 

0334901 
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A variation of the typical air-rotary drill bit is a down hole hammer which hammen the drill bit down 
as ,t dr,lls. This makes drilling in hard rock faster. Air-rotary drills Can alSO be adapted tO Use for rock 
coring although they are generally slower than other types Of COW drills. A major aPPliCatiOn of the 
air-rotary drllllng method would be to drill holes in rock for well inStallatiOn. 

Fluid-Rotary drilling operates in a similar manner to air rotary drilling except that a drrlling fluid 
_ (“mud”) or clean water is used in place of air to cool the drill bit and remove CutUngS. There are a 

variety of fluids that can be used with this drilling method, including bentonite slurry and synthetic 
slurries. If a drilling fluid other than water/cuttings is used, it must be a natural Clay (i.e., bentonite) 
and a “background” sample of the fluid should be taken for analysis of possible Organic Or inorganic 
contaminants. 

Advantages to the fluid-rotary drilling method include: 

l The ability to drill in many types of formations. 

l Relatively quick and inexpendve. 

l Split barrel (split-spoon) or thin-wall tuba samples can bo obtained without removing drill 
rods if the appropriate titr drill rods and bits (Lo., fish-tail or drag bit) are used. 

l In somo borings ttiporary casing may not bo ntiod as the drilling fluids may keep the 
boreholo opt. 

l Drill rigs ar@ readily available in most areas. 

Disadvantages to this method include: 

l Formation logging is not as accurate as with hollow stem auger method if split barrel (split- 
spoon) samples are not taken (i.c, the depths of materials loggod from cuttings delivered 
to the surface are approximate). 

l Drilling fluids reduce permeability of the forrnatior, adjacent to the boring to some degree, 
and require more wtensivo well developmontthan “dry’ techniques (rugwing, air-rotary). 

l No information on depth to water is obtainabio while drilling. 

l Fluids wo ntiod for dtilling, and there is some quest& about the l ffrco of the drilling 
fluid OCI W* WnPles obtained. For this reason as weil, wtensivo wall development may 
b.nguif@d. 

l In v*Y Porow maWfMS (i.e., rubble fill, bouldws, coam grad) drilling fluids may be 
Con~nUOUdY lort iM0 th0 formation. This will Mquin dtlHl C&M qloni&ment of the 
drilling fluid, or the use of casing through this formtim. 

l ~1 figs am Iargiand heavy, and must k sumd with wppiid ~a*. 

l Ground w* MmPkcrr, k potenthlly diluted with drilling fluid. 

m@ PrM@dUra for PWfOming dirm rotary Soil investi~tions and sampling shall conform with the 
aP@i+O ASfM standards: 0211%83,01387-83, and 01 v 
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for a,r Or flu,d.rotary drilling, the rotary drill may be advanced to the desired depth by any Power- 
operated drilling machine having sufficient torque and ram range tO rotate and force the bit to fne 
desired depth. fhe drilling machine must, however, be equipped with any accessory epulPment 
needed to perform required Sampling, Or Coring. Pnor to Sampling, any settled drill cutttngs in the 
borehole must be removed. 

- soi1 samples shall be taken as specified by the Work Plan or more frequently if requested by the field 
geologist. Any required sampling shall be performed by rotation, pressing, Or dnvlng In accordance 

with the standard 07 approved method governing use of the PaRiCUiar Sampling tool. 

When field conditions prevent the advancement of the hole to the desired depth, a new boring may 
be dnlled at the request of the field Operations Leader. The original boring shall be tackfilled using 
methods and materials appropriate for the given site and a nw boring staft+d a shoe distance away 
at a location determined by the site geologist. 

5.2.8 Reverse Circulation Rotarv Drilling 

The common reverse-circulation rig is a water or mud rotary rig with a large diameter drill pipe which 
circulates the drilling water down the annulus and up the inside of the drill pipe (reverse flow 
direction from direc2 mud rotary). This type of rig is used for the construction of largr-tapaaty 
production water wells and is not suited for small, water-quality sampling walls because of the use of 
drilling muds and the largo diameter hole which is created. A fm special ravors+circuIation rotary 
rigs are made with double-wall drill pip@. The drilling water or air is circulated down the annulus 
between the drill pipes and up inside the inner pipe. 

Advantages of the latter method include: 

0 The formation water is not contaminated by the drilling water. 

l Formation samples can be obtained, from known depths. 

l When drilling with air, immediate information is available rqarding the water-bearing 
prop&es of formatiom pornrat&. 

l Collapsing of the holo in unconsolidat4 formations is not as great a problem as when 
drilling with thinormal air rotary rig. 

Disadvantages indudo: 

l O~bh=w~l, rovorsa-circulation drill rigs are VW rare and pxponsiv~ to oporato. 

l Placing cwnom grout around the outside of the wall casing. above a wdl screen often is 
difficult, WWially whan the screen and casing l placod dw thrQugh the inner drill 
pipe bforc, the drill pipa is pullod out 

S.!.S prMhuatl Q&g oriv(L 

77~ dhvmring f~8thad COf?S&S Of l ltmatdy driving cting (fittti with l sharp, hardened carin< 
shm) into tho growrd using a hammw lifted and dropm by the drill rig or an air hammer and 
cleaning out the cdng uring a rotary chopping bit and air or water to flush out the materials. The 
Ca*nO is dhvon dam in St~~burlly 5 fM par stag.). A continuous roe& is kept of thi blows per 
foot in driving th* erring (~@a Procedure CH-1 .S). The casing is normally a&ancd by a ~OO-~OUM 

-i 
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hammer falling freely through a height of 304nches. Simultaneous washing and drtving of the casing 
IS not recommended. If this procedure IS used, the elevations between which water is used in driving 
the casing should be recorded. 

The drrven casing method is used in unconsolidated formations only. When the boring is to be used 
for later well Installation, the driven casing used should be at least four inches larger in diamiter than 
the weI1 casing to be installed. Advantages to this method Of drilling include: 

l split barrel (split-spoon) sampling can be conducted while drilling. 

l we/I installation is easily accomplished. 

l oriIl.rigs used are relatively small and mobile. 

l The use of casing minimizes flow into the hole from upper water-bearing layers; therefore 
multiple aquifen can be penetrated and sampled for rough field determinations of some 
water quality parameters. 

Some of the disadvantages include: 
. 

l This method can only be used in unconsolidated formations. 

l The method is slower than other methods (average drilling progress is 30 to 50 feet per 
day). 

l Maximum depth of the borehole varies with the site of the drill rig and casing diameter 
used, and the nature of the formations drilled. 

l The cost per hour or per foot of drilling may be substantially highor than other drilling 
methods. 

l It is difficult and time consuming to pull back the casing if it has bean driven very deep 
(deeper than 50 feat in many formations). 

S.2.6 Cablo Tool Orillinq 

A cable tool ng uses a heavy, soktml, chisel-typo drill bit (‘tooV) susgondod on a stool cable, which 
when raised ad W chisels 01 pounds a holo through the soils and rock. Drilling progra may 
be l xP@ditd by* UW of ‘W+rs’ which woe as a cable-activated down hole percussion device to 
hammer the bit aImd. 

When drilling meh the umrturatod tom, some water must k added to the hdo. the cuttings 
are sumndd in the water and thgn &I@ out periodically. 8dow the water table, after sufficient 
ground wat@r enten the bonhd@ to rep&o the water removed by briling, no furth~ watw nd be 
addod. 

Wh@n soft Caving f.~atiOm l WWunt8r8d, it is usually nocossary to drive &ng a the hole is 
advanced to Pr@Vm Cdbso Of the holo. Ofton the drilling can k only l few fm klaw ~0 bottom 
of the casing- BeCaUse the drill bit is IOWW~~ through the erring, the hdo uetid by me bit is smaller 
than the Ca*W. Thwfore, the casing (with a sharp, hardand &ng shm m the mm) must be 
driven into the hole (soa Section S.2.S of t!vis guideline). 

- ‘34901 



juojefl 
Numoer ~acp 

GH-1.4 ‘3of20 
SOIL AND ROCK ReVlSlOn EffacKlVO Oat. 
DRILLING METHODS 1 0 s/04/90 

Advantages of the cable-tool method include the following: 

0 Information regarding water-bearing zones is readily avaliabie during the drilling. Even 
relative permeabllit:+s and rough water quality data from different ZOneI penetrated can 
be obtained by sklilr oeraton. 

l The cable-twl rig car arate satisfactorily in ail formations, but is best suited for caving, 
boulder, c: 3r coa -avei type formations (e.g., glacial till) or formations with large 
cavities abo. ie wat !le (such as limestones). 

l When casing is used, casing seals formation water out of the hole, preventing 
down-hole contamination and allowing sampling of deeper aquifers for field-measurable 
water quality parameters. 

l Split barrel (split spoon) or thin-wail tube samples can be c~ll@cted through the casing. 

Disadvantages include: 

l Drilling is slow compared with rotary rigs. 
. 

l The necessity of driving the casing in unconsolidat& formations requires that the casing be 
pulled back if exposurd of sJectod water-bearing tones is desired. This process complicates 
the well completion process and otitrn increases costs. Thor* is also a chance that the 
casing may become stuck in the hole. 

l The relatively iargo diamotars required (minimum of 4-inch casing) plus the cost of steel 
casing result in higher costs compared to rotary drilling moth& whew casing is not 
required, such as use of a hollow nom auger. 

l Cable-tool rigs have largely been replaced by rotary rigs. In some parts of the U.S., 
availability may bo difficult 

5.2.7 Jet Orillina Washi@ 

Jet drilling, which should ba uwd only for pierometer or vadoso tono sampler installation, consists of 
pumping water or drilling mud down through a small diamatof (l/2 to 2-inch) standard pipe (steel or 
PW. fhe pipe may k fitted with a chiti bit or a spocirl jotting WM. Formation matoriais 
dislodged by &a bit and jotting action of the water are brought to tha surface through the annuius 
around the pipe. Astt~ pipe is jottad deeper, additional lengths of pipa may k added at the surface. 

Jet Percussion is a vrriation of the jetting method, in which the casing is d&on with a drive weight. 
Normally, this mnhod is usod to pko 24nch diamtior casing in sMlow, unconsolidated sand 
formations but has bean used to install 3-to &inch diamotar casings to 200 fnt. 

. 
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Jetting is acceptable in very soft formations, usually for shallow sampling, and when introduction of 
drtlting water to the formatjon is acceptable. Such condittons would occur durrng rough stratIgraphIc 
,nve~t~gat~on or installation of piezometers for water level measurement. Advantages of thts method 
Include: 

l Jetting IS fast and inexpensive. 

0 Because of the small amount of equipment required, jetting can be accomplished in 
tocatjons where access by a normal drilling rig would be very difficult. For example, it 
would be possible to jet down a well point in the center of a lagoon at a fraction Of the Cost 

of using a drill rig. 

l Jetting numerous well points just into a shallow water table is an inexpensive method for 
determining the water table contours, hence flow direQion. 

Disadvantages inctude the following: 

l A large amount of foreign water or drilling mud is introduced above and into the 
formation to be sampled. 

l Jetting is usually dono in very soft formations which are subject to caving. Because of this 
caving, it is often not possible to place a grout seal above the screen to assure that water in 
the well is only from the screened interval. 

l The diamettrr of the casing is usually limited to 2 inches; therefore, samples must be 
obtained by methods applicable to small diameter casings. 

l Jetting is only possible in VW soft formations that do not contain boulden or coarse 
gravel, and the depth limitation is shallow ‘(about 30 feet without jet percussion 
equipment). 

0 Large quantities of water are 0ftM needed. 

5.2.8 Orillina with a Hand m 

This method is applicable wherever -the formation, total depth of sampling, and the site and 
groundwater conditions are such as to allow hand auger drilling. Hand augering can atso be 
considered’at laobions WlHn drill rig access is not possible. All hand auger borings.will be performed 
according to ASTM 0 1452-W. 

Samples shhould k takes~ continuously. unless otherwise s&fiad by the Work P!an. Any required 
sampling is performed by rotation, pressing, or driving in aceordas~e with the standard or approved 
method governing use of the particular sampling to& Typical eguipment used for sampling and 
advancing shallow “hand augor’ holes are iwan samplers (which are rotatad) or post hole diggers 
(which are operated like tongs). This technique is slow but effective -whefw larger pieces of 
equipment do not have access end where very shallow holes are desired (Iese.than 5 feet). Surficial 
soils must be composed of relatlvdy soft and non-cemontd formtions to allow penetration by the 
auger. 

0334901 . 
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5.2.9 Rock Orillina and Corinq 

\&hen so,l borings cannot be continued using augers or rotary methods due t0 the hardness Of the 501~ 
or when rock or IargQ boulders are encountered, drilling and Sampling Can be Perform& using a 
diamond bl t corer 1 n accordance with ASTM 02 113. 

OriIIing is done by rotating and applying downward pressure to the drill rods and drlJJ bit. The drlil 
bit is a circular, hollow, diamond studded bit attached to the outer COW barrel in a double tub* COfe 
barrel. The use of single tube core barrels is not recommended, as the rotation Of the barrel erodes 
the sample and limits its use for detailed geological evaluation. Water or air is circulated down 
through the drill rods and annular space between the core barrel tubes to cool the bit and remove the 
cuttings. The bit cuts a core out of the rock which rises into an inner barrel mounted inslde the outer 
barrel. The inner core barrel and rock core are removed by lowering a wire line with a coupling Into 
the drill rods, latching onto the inner barrel and withdrawing the inner barrel. A less efficient 
variation to this method utilizes a core barrel that cannot be removed without pulling all of the drill 
rods. This variation is practical only if less than 50 feet of core is required. 

Core borings are made through the casing used for the soil borings. The casing must be driven and 
sealed into the rock formation to prevent seepage from the overburden into the hole td be cored (see 
Section 5.3 of this guideline). A double-tube core barrel with a diamond bit and reaming shell or 
equivalent should be used to recover rock cores of a size specified in the Work Plan. The most 
common core barrel diameters are listed in AttachmentA. Soft or decomposed rock should be 
sampled with a driven split-barrel whenever possible or cored with a Denison or Pitcher sampler. 

When coring rock, including shale and claystom, the speed of the drill and the drilling pressure, 
amount and pressure of water, and length of run can be varied to give the maximum recovery from 
the rook being drilled. Should any rock formation be so soft or broken that the pitim continually fall 
into the hole, causing unsatisfactory coring, the hole should be reamed and a flush joint casing 
installed to a point below the broken formation. The it@ of the flu& joint casing must permit 
sffuring,the core site specified. When soft or broken rock is anticipated, the length of core runs 
should be reduced to lees than S fm to avoid core loss and minimize core disturbancr. 

Advantages of core drilling include 

l Undistu&d iock cores can be rwovered for examination an&or testing. 

l In formtim in which the cored hole will remain open without casing, water from the 
rock )nctum may be recovered from the well without the installation of a well screen and 
SIrad olck, 

l FornNgn logging is extremely accurate. 

l Drill rigs are relatively Fall and mobile. 

Oisyivantages in&do: 

l Water or air is needed for drilling. 

l Coring is slower than rotary drilling (and more expensive). 
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a aepth tO water cannot accurately be determrned if water 1s used for dr~liing. 

0 The size of the bqehole 1s limIted. 

This drrlling method ,s hseful tf accurate determinations of rock lithology are desired or if OPQn wells 
are to be Installed into bedrock. To install larger diameter wells in coreholes, the hole. must be 

reamed out to the proper size after boring, wng air or mud rotary drliiing methods. 

5.2.10 OriIIina Q ~upoort Vehicles, 

In addition to the drilling method required to accomplish the objective Of the field Program, the 
type of vehicle carrying the drill rig and/Or SuPPOfl WUiPm*nt, and its suitability for the site terrain, 
will ofian be an additional d&ding factor in planning the drilling program. The typo Of vehicles 
available are extensive, and depend upon the particular drilling iUbCOntraCtOr’S fleet. Most large 

drilling subcontractors will have a wide variety of vehicle and drill types suited for mOSt dnlling 
assignments in their particular region, while smaller driliing subcontractor9 will usually have a fleet Of 
much more limited dive&y. The weight site, and means of kOmOtiOn (tires, tracks, etc.) of the drill 
rig must be selected to be compatible with the site terrain, to assure adeguate mobility between 
borehole locations. Such considerations also apply to necessary suppoct vehicles USed to tranSPOn. 

water and/or drilling materials to the drill rigs at the borehole locations. When the drill rigs or 
support vehicla do not have adequate mobility to easily traverse the site, provisions must be mede 
for assisting equipment, such as bulldozers, winches, timber planking, ‘etc., to maintain adequate 
progress during the drilling program. 

Some of the typical vehicles which are usually available for drill rigs and support equipment are: 

l Totally portable drilling/sampling equipment, where all necessery components (tripods, 
samplers, hammers, catheads, etc.) may be hand-carried to the borehole site. 
Drilling/sampling methods used with such eguipment include: 

m Hand augers and lightweight motorized augers 
w Retractable plug samplers-driven by hand (hammer) 
I Motorized catheed - a lightweight aluminum tripod with a small gas-engine cathead 

mounted on on0 leg, used to install small diameter cased borings. This rig is somettlmes 
called a “monkey on a stick.* 

l Skid-mounted drilling eguigrnent containing a rotary drill or engine-driven cathead (to lift 

~amrwn end drill string), a pump, and a. dismounted tripod. The skid is pushed, dragged, 
or whched (using the crtherd drum) Wwn boring lo&on& 

l Small V~ck-~~ntod drilling equipment uses l jeep, ruko b&y or other light truck (4 to 
6 wheeW, upon which are mounted the .drill and& l catheed, a pump, and l tripod or 
Small drilling dorrick. On some rigs the drill and/or a cathead are driven by a power take- 
Off frm the truck, insteed of by a uprrato engino. 

l Track-mounted drilling eguip&t is similar to truck-mounted rigs, exe- that the v&We 

usad has iid8 bulldozer track for traversing sott @o~nd. Sometimes a continuous-track 
“ail twhn Whicld is also modified for this purpow. Sorno types of trackad drill rigs are 
called “bombardier” or “weasel’ rigs. 

l Heavy truck-mounted drilling eguipment is mounted OII ten&n 01 duel tandem tmcks to 
transw the drill, dtick, winches, and pumps or compressor% The drill mry be provided 

0?‘301 
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,Nlth a separate engine or may use a power take-off from the truck engine. Large auger%, 
hydraulic rotary and reverse circulation rotary drtlling equipment are usually mounted on 
such heavy duty trucks. For soft-ground sites, the drilling equipment is romettmes 
mounted on and off the road vehicle having low prerwre, very wide diameter tire5 and 
capable of floating; these vehicles are called “%wamP buggy” rigs. 

l Marine drilling equipment is mounted on various floating equipment for drilling borings In 
lakes, estuaries and other bodies of water. The floating equipment vanes, and 15 often 
manufactured or customized by the drilling subcontractor to suit specific drilling 
requirements. Typically, the range of flotation vehicles includes: 

- 8arrel float rigs - a drill rig mounted on a timber platform buoyed by empty SS-gallc 
. drums or similar flotation units. . 

_ 
- Barge-mounted drill rigs. . 

w Jack-up platforms - drilling equipment mounted on a floating platform having 
retractable legs to 5uppon the unrt on the 5ea or lake bed when the platform is jacked 
up out of the water. 

m Drill ships - for deep ocean drilling. 

In addition to the mobility for the drilling equipment, similar consideration must be given for 
equipment to support the drilling op~ations. Such vehicles or floating equipment are needed to 
transport drill water, drilling supplies and equipment, samples, drilling PrsonnJ, etc. to and/or from 
various boring locations. 

5.2.11 EauiDmont Sia 

In planning %&surface exploration programs, care must be taken in sp&fying the various drilling 
components, so that they will fit proporly in the boring or wdl. 

For drilling OPW~ borohola using ratry drilling quipment, t&one drill bits ara Wnploy@d .with air, 
water Or drilling mud to remove Cuttings and cod the bit Tritono bit8 are slightly smaller than the 
holes they drill (i.e., S-7/8’ of t-7/8’ bits will nominally drill 6’ ada’ h&s, rap@dvdy). 

For obtaining i~+bairol sampb of a formation, samplers an mmufuturd in sitas ranging from 
2-inches to 4-l/2 inches in outside dirmotw. Howovor, the most commonly us4d site is the 2-inch 
0.R. l-M!-inCh 1.0. s@t-bUr@I sarnpl~. When this sarnpIof is us&, and driven by a 14Gpound 
( f 2 pound) FamW drooling 3O=imha ( * 1 inch), the procodun is callad a Standard Penetration 
TM. and tb bb~~ Cm foot rquired to advrncr the wmplor into the formrqion can ba corrJated to 
the formation’s density or-. 

In Plankin9 the drilling of bore&s using hollow stem augers or casing, in which thin-wall tuba 
Wm’Pla w dhod COT* drilling will k p&ormed, refw to the varb~s siras and dmrrncm provided 
in Atta*mont A of this guiddine. Sites sobctod must k stated in the WO& PI-. 

. . 
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5.2.12 Estimated Drillina Proaress 

TO estimate the anticipated rates of drilling progress for a rite the following must be considered: 

l The speed of the drilling method employed. 

l Applicable site condition5 (e.g., terrain, mobility between borings, difficult drilling 
conditions in bouldery soils, rubble fill or broken rock, etc.). 

0 Project-impored retrictions (e.g., drilling while wearing personal protective equipment, 
decontamination of drilling equipment,.etc.). 

Based on recent experience in drilling average soil conditions (no boulder%) and taking samples at 
S-foot intervels, for moderate depth (30’ to SO’) boreholes (not including installation or development 
of well%), the following daily rates of total drilling progress may be anticipated for the following. 
drilling methods: 

Drilling Method 

5.3 PRNRNTlONOPCROSS4ONTAMI~TlON 

A telescoping 01 multiple casing tochniquo minimit- the potkirl for the migration of 
contaminated grqundwat~ to lowor strata b&w a confining layer. The telescoping techniqu,e 
consists of drilling to a confining layor utilizing a spun casing method with i diamond cutting or 
augering shoe, (a method similar to the rock coring mtiod dmbod in Se&n 5.2.9, except that 
larger casing is used) or a driven-casing method (sea SoctiorrS.2.S of this guiddin@, and installing a 
5pecified diameter steel well casing. The operation consists of three separate stops. Initially, a drilling 
casing.usually of S-inch diamiUl is installed followed by installatiorr of the wall casing (Binch 
dirmotnr is common for 24nch woIls). This wdl casing.ir driven into the confining Iaye to insure a 
tight url at the bottom of the hdo. The wall casing is uabd at the bottom with a bontonitwement 
%lu~y. The remrining depth of the boring is drilled utilizing a nam dirmotor spun or driven 
caring technique within the outor well casing. A smallor diamtiar wJI casing with an appropriate 
length of sbtt~d scroon on the lowerend is installed to the sudaco. 

. 
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Clean rand rZ placed in the annulus around and t0 a point about 2 feet above the SCreWl PIOf t0 

WIthdrawal of the drilling casing. The annular space above the screen and to a point t feet above the 
bottom of the outer well casing is sealed with a tremled cement-bentontte slurry which is PreSSure- 
grouted or dlrplacement-grouted into the hole. The remaining casing annulus IS backfilled with clean 
maternal and grouted at the surface, or It IS grouted all the way to the surface. 

- 5.4 CLEANOUT OF CASING PRIOR TO SAMPUNG 

The boring hole must be completely cleaned of disturbed soil, segregated coarse materral and clay 
adhering to the inside walls of the casing. The cleaning must extend to the bottom edge of the casing 
and, if possible, a short distance further (1 or 2 inches) to bypass disturbed soil resulting from the 
advancement of the casing. LOSS of wash water during cleaning should be recorded. 

For disturbed samples both above and below the water tablo and where introduction of relatively 
large volumes of wash water is permissible, the clean -7 omration is usually performed by washing 
the material out of the casing with water; however, tr :Ieaning should never be accomplished with 
a strong, downward directed jet which will disturb the nderfying soil. When clean-out has reached 
the bottom of the casing or slightly below (as specified abovo), the string of tools should bo lifted one 
foot off the bottom with the water still flowing, until the wash water coming out of the casing,is clear 
of granular soil patiicles. In formations where the cuttings contain gravel and other larger particles, 
it is often useful to repeatadly raisa and lower the drill rods and wash bit whila washing out the hdo, 
to surge thesa large particles upward out of the hole. As a time savor, the drilling contractor may be 
permitted to uw a split barrel (split-spoon) sampler with the ball chock valve removed as the clean out 
tool, providad the material below the spoon is not disturbed and the shm of the spoon is not 
damaged. Howover, bacauu the ball check valve has beon removed, in some formations it may be 
necessary to install a flap valve or spring sample retainor in the split spoon bit, to provent the sample 
from falling out as tha sampler is withdrawn from the hde. The use of jet-typa chopping bits is 
discouraged except where large bouldon and cobblas or hard-cemontod soils are encountered. If 
water markedly softens the soils above tha water table, clean out should bo performed dry with an 
auger. 

For undisturbed samples below the watu table, or wharo wash watt must bo minimized, clean out is 
u5ually accomplished with an appropriate diametw clean out rugor. This augu has cutthg.blad@$ at 
the bOttOm to carry IOOW matwirl up into the rugor, and upturned watOr j8t$ just above tha cutting 
blades to carry the removed soil to the surface. In this manner than is a minimum of6sturbance at 
the top Of the material to k sampled. If any gravd matorial washes down into the casing and cannot 
be removed .by the cleanout rugor, a split-banal sample can k ukon to rrmove it. Bailers and 
sandpump should not k US& For undisturbad umplos above the groundwater table, all 
opuatiom must kpuformad in a dry mannu. 

t 

If all of the &ttings croatad by drilling through the overlying formations are not cloud from the 
borohdo prior to sam@ing, some of the problems which .may k encountorwd during sampling 
i ncludo: . 

l Whm sampling is l tt~ptad through the cuttings remaining in the bdrohola, all or pan of 
the umplv may bocomo filM with the cuttings. This limits the l inount of samplo from ’ 
the undoriying formation which can l ntw and k retain4 in the sarnpl~, and also raises 
qumtions on the validity of the samplc 

0 If the cuttings remaining in the borehole contain coarsa gmvol and/or 0th~ Iargo paRicles, 
these may block the bit of the sampler and prwm any mattirl$ from the underlylng 
formation from entering the sampler when the sampler is advancad. 
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0 in cased borings, should sampling be attempted through cuttings which remain In the 
lower portIon of the casing, these cuttings could cause the sampler to become bound into 
the casing, such that it becomes very difficult to either advance or retract the sampler. 

l When sampler blow counts are used to estimate the density or strength of the formation 
being sampled, the presence of cuttings in the borehole will usually give erroneously high 
sample blow counts. 

To confirm that all cuttings have been removed from the borehole prior to attempting sampling, It is 
important that the rig geologist measure the “stickup” of the drill string. This is accomplished by 
measuring the assembled length of all drill rods and bits or samplers (the drill string) as they are 
lowered to the bottom of the hole, below some convenient reference point of the drill string; then to 
measure the height of this reference point above the ground surface. The difference of these 
measurements is the depth of the drill string (lower end of the bit or sampler) below the ground 
surface, which must then be comparod with the depth of sampling required (installed depth of casing 
or depth of borehole drilled). If the length of drill string below grade is more than the drilled or 
casing depth, the borehole has been cleaned too deeply, and this deeper depth of sampling must be 
recorded on the log. If the length of drill string below grade is less than the drilled or casing depth, 
the difference represents the thickness of cuttings which remain in the borehole. In most cases, an 
inch or two, of cuttings may be left in the borehole with little or no problem. However, if more than a 
few inches for cuttings are encountered, the borehole must be recleaned prior to attempting 
sampling. 

5.5 MATERIALS OF CONSTRUCllON 

The effects of monitoring well construction materials on specific chemical analytical parameters are 
described and/or referenced in FT-7.01. However, there are several materials used during drilling, 
particularly drilling t’iuids and lubricants, which must be used with care to avoid compromising the 
representativeness of soil and ground water samples. 

The use of synthetic or organic polymer slurries is not permitted at any location where soil samples for 
chemical analysis are to be collected. These’ slurry materials could be used for installation of long 
term monitoring wells, but the l arty time data in time series collection of ground water data may 
then be suspect. If synthetic or organic polymer muds areproposed for use at a given site, a complete 
written justifkatioir including methdds are procedures for their use must be provided by the site 
geologist and approved by the site manager. The specific slurry composition and the concentration of 
sektod chemicals for each site must be known. 

For many d@llng operations, potable water is an adequate lubricant for drill nom and drilling tool 
connections. Howe~, there are instances, such as drilling in tight clayey formations or ‘in loose 
gravels, when threedd couplings must be lubricated to avoid. bindin@. In these instances, to be 
determined in the field at the judgment of the sita geologist and noted in the Site Logbook, and only 
after approval by the site mana&, a vegetable oil or silicone based lubricant should be used. 
Petroleum besed greeses, etc. will not be permitted. kmph of lubric&r@ used must be provided and 
analyzed for chemical parameters appropriate to the given site. 

I 
“‘101 

1 
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Drilling 
-- 

Hollow-stm 
Augers 
(Raf 7) 

Thin will 
Tub0 Samplers 

(Raf 7) 

Drill Rods 
(Ref 7) 

ATTACHMENT A 

Designation or 

6 l/4 
6 3/4 
7 l/4 

13 l/4 

RW 
Ew 
AW 
Bw 

E 
t 
A 
B 
N 

Driven txtan81 
Coupled Extm 

2 l/2 

.Strong Steal* 
Casing (Rof 0) 

i l/2 
4 

: 

1'0 
l2 

Wall 

v . 2.875 2.323 
3.5 2.9 

' 
' 0.300 

4.0 . 3.364 0.318 

:::, 
3.826 0.337 
4.813 0.37s 

6.62s 5.761 0.432 
8.62s 7.62s o.soo 

lO.7SO 9.7so o.soo 
12.750 lf.7SO o.soo 

+ Add tvfc@ t&o c88ing v81Lthtc~o to cuing 0.0. to obtain 
the l pgzmrhat8 O.D..oC. the formal pipe couplinga. : 

-xi xi 

: 3/c 
6 l/4 

12 

2 l/4 
2 3/4 
3 l/4 
6 

i l/2 
3 
3 l/2 
4 l/2 
5 

1 7/8 
2 3/8 
2 7/8 
3 j/8 
4 3/8 
4 3/4 

1 3/32 23/32 
1 3/8 U/l6 
1 3/4 1 l/4 
2 l/8 1 3/4 
2 S/8 2 l/4 
3 l/2 3 l/l6 
1 S/l6 7/8 
1 S/8 1 l/8 
1 7/8 1 l/4 
2 3/8 2 

Coupling I.D. 

- 

- 

- 

13/32 
7/16 
J/8 
3/4 

1 3/8 
2 3/8 

7/16 
9/16 . 
5/8 

1 
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ATTAC- A 
I 

Drilling 
-- 

Flush Coupled 
Ca8ing 
(Raf 7) 

Flush Joint 
- Caring 

(RoC 7) 

Diamond Car8 
B8rr818 
(Rof 7) 

Dosignatfon or 

Rx 
EX 
Ax 
BX 
Nx 
Hx 

RW 
mu 
AW 

2 
Hw 
Pw 

iii 
ZW 

z 

ii 

2 3,4T3 7/a 
4 x s l/2 
6 X 7.3/4 

AQ (virolino) 
BQ (wisolino) 
NQ (Wk~liM) 
?IQ (wiralino) 

1 7/16 
1 23/16 
2 l/4 
2 7/0 
3 l/2 
4 f/2 

1 7/16 
1 U/16 
2 l/4 
2 7/8 
3 2/t 
4 l/2 
5 l/2 
6 S/8 
7 S/8 
8 S/8 

2 l/2 
1 7/Q 
2 3/a 
3 
3 7/a 
3 7/8 
5 l/2 
7 3/4 
2 57/64 
2 23/64 
2 63/64 
3 tS/32 

Coupling I.D. 
fb, 

1 3/16 1 3/16 
1 S/8 1 l/2 
2 1 29/32 
2 9/16 2 3/8 
3 3/16 3 
4 l/8 3 lS/l6 

1 3/16 
1 l/2 
1 29/32 
2 3/8 
3 
4 . 
5 

f 
8 

7/U ** 
1 l/8 '* 
2 s/a ** 
2 r/e 

i 12/26 
3 U/26 
S 25/%6 
2 l/26 l * 
2 7/16 ** 
2 7/8 
2 l/2 

** Became of the fr8#&8 nature of t&a corn and the difficulty 
to idantify rock d8t8iJ8, uaa of mall diaaatw corm 
(2 ?/8.) 18 ll8t -8d. 
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1.0 Pu RPOSE I 

The purpose of this document IS to establish standard procedures and technical guidance on borehole 
and sample logging. 

I 
-. 

2.0 SCOPE 

These procedures provide descriptions of the standard techniques for borehole and sample logging. I 

These techniques shall be used for each boring logged to provide consistent descnptionr of 
subsurface iithology. While experience is the only method to develop confidence and accuracy in the 
description of soil and rock, the field geologist/engineer can do a good job of classrfication by careful, 
thoughtful observation and by being conmtent throughout the clbssification procedure. 

I 

3.0 GLOSSARV 
I 

None. 

4.0 RESPONUUUTlES 

Site Geolaifi - Responsible for rupewising all boring activities and assuring that each borehole is 
completely logged. If more than one rig is being used omit@ the Site Gwlogist must make sure that 
each field geologist is prop&y trained in logging procedure% A brief review or training session may 
be necessary prior to the start up of the field program and/or upon completion of the first boring. 

5.0 PROCEDURES 

The classification of soil and rocks is one of the most important jobs of the field geologistlengineer. 
To maintain a consistent flow of information, it is imperative that the field geologisvingineer 
understand and accurately use the field classification system described in this SOP. This identification 
is based on visual examination and manual tests. 

When logging soil and rock samples, the geologist or engineer may be oquippd with the following: 

l Rockhwtmu 
0 Knife 
. Camam 
. 0ikrtoHa 
l Ruler (marked in tenths and hundwths of fwt) 
0 Hand Lens 

s.2 clAssJwnoN 0csolLs 

All data shall k writtwv dire&y on the boring log (Exhibit 4-l) or in a fiJd notebook if more spoco is 
nMe& Details on filling out the boring log are discussed in Mtion 5.5. 
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s.1 MATERIAU NEEDID 
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5.2.1 Uses Classification 

solis are to be classified according to the Untfied 5011 Classification System (USCS). This method of 
classification ,s detaIled in Exhlbit4-2. This method of classlfica~lon ldentlfies SOlI type5 On the basis of 
grain site and cohesrveness. 

- Fine-grained soils, or fines, are smaller than the NO. 200 sieve and are of two typo: Sl!t (MI and clay 
(~1, SOme classification systems define size ranges for these soil particles, but for field classlficatlon 
purposes, they are identrfied by their respective behaviors. Organic material (0) is a common 
component of soil but has no sire range; it is recognized by’its composition. The careful study of the 
USCS will aid in developing the competence and consistency neCeSWV for the CtaSSifiCatlOn of S011S. 

Coarse grained soils shall be divided into rock fragments, sand, Of gravel. The terms and sand and 
gravel notonly refer to the site of the soil particles but also to their depositional history. TO insure 
accuracy in description, the term rock fragments shall be used to indicate angular granular materials 
resulting from the breakup of rock. The sharp edg8s typically observed indicate little or no transport 
from their source area, and therefore the term provides additional information in reconstructi,ng the 
depositiona! environment of the soils encountered. When the term “rock fragments” is used it shall 
be followed by a sire designation such as (l/linchO-l/2 inch@)” or “coarse-sand size” either 
immediately after the entry or in the remarks column. The USC3 classification would not be affected 
by this variation in terms. * 

s.2.2 Color 

Soil colors shall be described utilizing a single color descriptor preceded, when necessary, by a 
modifier to denote variations in shade or color mixtures. A soil could therefore be referred to as 
“gray” or “light gray” or “blue-gray.’ Since color can be utilized in correlating units beorveen 
sampling locations, it is important for color descriptions to beconsistent from one boring to another. 

Colors must be described while the sample is still moist. Soil umplos shall be broken or split vertically 
to describe colors. Samplers tend to smear the sample surface creating color variations between the 
sample interior and exterior. 

The term “mottled’ shall k used to indicate soils irregularly marked with spots of different colon. 
Mottling in soils usually indicates poavaffation and lack of good drainago. 

SOi! Color Charts rhJl not k usad unless specified by the project manrgw. 

5.2.3. Relvimdm 

TO ClaS~f’Y &a r@hth drmity and/u consistency of a soil, the gooIogist.is to first identify the soil 
tyP. Granular sh CofMin Pmdofninantl~ sands and gravels. Thy l noncohtivo (prticia do not 
adhm.wJ! when comWeWd). fink grained soils (silts and clays) l ra cohesiw (prrtidw will &here 
togetherwhen compressed). . 

m* d&W of norrc&mivo, granular tilr is c!assifid accordi- to rurrd~d (nrrmm dmncm 
Obtained from *it ~~ -@inO pOhrfWd according to the m@thod~ dmild in Standard 
Omaeng Ptocodures W-1.3 and S&1.2. Those designations am: 
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Oesignatron 
Standard Penetration 

Resistance (Blows per Foot) 

Very loose O-to 4 

Loose St0 10 

Medium dense 11 to30 

Dense 31 to so 

Very dense Over SO 

Standard penetration resistance is the number of blows required t0 drive a split-barrel sampler with a 
2-inch outside diameter 12 inches into the material using a 140 pound hammer falling freely through 
30 inches. The sampior is driven through an l&inch Sdmph interval, and the number of blows IS 
recorded for each binch increment. The density designation Of granular soils is obtained by adding 
the number of blows required to penetrate the last 12 inches of each sample interval. It is important 
to note that if gravel or rock fragments are broken by the sampler or if rock fragments are lodged in 
the tip, the resulting blow count will be erroneously high, reflting a higher density than actually 
exists. This shall be noted on the log and referenced to the umplo numtir. Granular soils are given 
the USCS classifications CW; CP, GM, SW, SP, SM, CC, and SC (see Exhibit 4-2). 

The consistency of cohesive soils is determind by performing field tests and identifying the 
consistency as shown in Exhibit 4-3. Cohesive soils are given the USCS classifications ML, MH, CL, CH, 
OL, or OH (see Exhibit 4-2). 

The consistency of cohesive soils is determined either by blow counts, a pocket penetrometer (values 
listed in the tablo as Unconfined Compressive Strength) or by hand by dotermining the resistance to 
penetration by the thumb. The pocket penetrometer and thumb determination methods are 
conducted on a selected sample of the soil, preferably the lowest 0.5 foot of the sample in the spiit- 
barrel sampler. The sample shall be broken in half and the thumb or penetrometer pushed into the 
end of the sample to determine the consistency. Do not determine consistency by attempting to 
penetrate a rock fragment. If the samplo is decomposed rock, it is classified as a soft decomposed 
rock rather than a hard soil. Consistency shall not k dotermined solely by blow counts. One of the 
other methods shall b uwd in conjunction with it. the designations used to descrik the consistency 
of cohesive soils are as follows: 

Consistency 

Very soft 

soft 

Medium stiff 

very stiff’ 

Hard 

Hard 

I 

WI 

. . 

I 

I. 

I 

. . 

. . 

. . 

I 
I 

com”&ve I 
Standard 

Penetration 
Str. TonsISquuo Resistance 

Foot (Blows per Foot) 
I 

Lessthan0.23 I ‘Oto2 

0.2s to OS0 1 2to4 

o.soto 1.0 I 4to8 

1 .o to 2.0 8to 1S 

2.0 to 4.0 rsto30 

Mom than 4.0 i Over 30 

I/ 
Easily ponotrated sword inches by thumb 

Canknwwtrrtodsovwalinch~bvthumb - 

Readily indwted by thumb I- 

Readily indented by thumbnail I 
Indented with diffkultv bv thumbnail ~~ -1 

-. 
. 

\ 
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5.2.4 Weiaht Perctntaacs 

in nature, 5011s are comprised of particles of varytng size and shape, and are combinations of the 
various grain types. The folIowIng terms are useful tn the descilption of ~011: 

Terms of Identifying PropoRion of the Component 
L 

trace 

some 

and or adjective form of the soil type (e.g., “sandy”) 

Examples: 

Defining Range of Percentages by Weight 
I 

0 - 10 percent 

11 - 30 percent 

‘_ 31 - 50 percent 

l Silty fine sand: 50 to 69 percent fine sand, 31 to 50 pwcent silt. 

l Medium to coarse sand, some silt: 70 to 80 percent medium to coarse sand, 11 to 30 percent I 
silt. 

l Fine sandy silt, trace clay: SO to 68 percent silt, 31 to 49 percent fine sand, 1 to 10 percent 
clay. 

l clayey silt, some coarse sand: 70 to 89 percent clayey silt, 11 to 30 pwcm come sand. 

I 
5.2.5 Moisturq 

I 
Moisture content is estimated in the field according to four categories: dry, moist, wet, and 
saturated. In dry soil, there appears to bo little or no water. Saturated samples obviously have all the 
water they can hold. Moist and wet classifications are somewhat subjtive and often are determined 
by the individual’s judgment A suggested parameter for this would bo calling a soil wet i,f rolling it in 
the hand or on a porous surface l&orates w.ator, i.e., dirtia or muddies the surface. Whatever 
method is adopted for describing moisture, it is.important that the method uw by an individual 
remains consistent throughout an entire drilling job. 

Laboratory tests fkwator content shall beperformed if the naturql water conbnt is important. 

5.2.6 StnoMFlppp 

Stratification can only k dotorrninod after the sample barrel is omd. I’M stratification or bedding 
thickness for soil and rock is dopending on grain size and composition. The classification to be used 
for stratification description ishown in Exhibit 4+. 

5.2.7 Twctura/Frbrlc/~lnq 

The texturr/frbWbodding of the soil shall b described. texture ir d-rim as the relative 
angularity of the particles: rounded, subrounded, subangular, and angular. fabric shall be noted as 
to whether thi particles are flat or bulky and whether there is a puticular relation botweon panlcles 
(i.e., all the flat partides are parallel or there is some cementation). .‘Tho badding or structure shall 
also be noted (e.g., stratified, lensed, nonstratified, hetorogeneour varvad). 

0334901 
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5.2.8 Summa~OfSoil Classification 

jn summary, so,js shall be classified in a srmtlar manner by each geOlOglStlenglne*r at a Prolect slfe. 
The hterarcby of ClaSSifiCatlOn IS dS fOllOWS: 

l Densjty and/or consistency 
l Color 
0 Plasticity (Optional) 
0 Soil types 
0 Moisture’content 
0 Stratification 
l Texture, fabric, bedding 
l Other distinguishing features 

5.3 CLASSlFiCATlON OF ROCKS 

Rocks are groupd into three main divisions, including sedimentary, igneous and metamorphic rocks. 
sedimentary rocks are by far the predominant type exposed at the eanh’s Surface. The fOliOwing 
basic names are applied to the types of rocks found in Sedimentary S8WJWC88: 

l Sandstone - Made up predominantly of granular materials ranging between l/16 to 2 mm 
in diameter. 

l Siltstone - Made up of granular materials less than l/16 to l/256 mm in diameter. ractures 
irregularly. Medium thick to thick bedded. 

l Claystone - Vary fine grained rock made up of day and silt-size materials. Fractures 
irregularly. Very smooth to touch. Generally has irregularly spaced pitting on surface of 
drilled cores. 

0 Shale - A fiuile VW fine grained rock. fractures along bedding planm 

l Limestone - Rock made up predominantly of calcite (CaCO3). Effwv@sces stron$y upon the 
application of dilute hydrochloric acid 

l Coal - Rock consisting mainly of organic remain% 

l Others - Numerous other sedimentary rock types are present in lesser amounts in the 
stratigraphic record. The local abundance of any of these rock types is dependent upon the 
deposititi history of the l ree. These include conglomerate, halite, gypsum, dolomite, 
anhydrite, lignite, etc. are some of the rock types found in kssw’amountr 

In classifying a sedimentary rock the following hierarchy shall be noted: 

l Racktype 

l Color 
l Eeddingthicknesa 
l Hardness 
M Fracturing 
l We8thefing 

l Other charrcte&tia 



Suolecc 

3OREHOLE AND SAMPLE LOGGING 

Vbmoer ?aqe 
GH-1 5 7 of 26 

RevwJn 
2 

Ercctw Oacr 
0 5/00/90 

5.3.1 Rock Tvry 

& described above, there are numerous names of sedimentary rocks. In most CaSeS a rock WI11 be a 
combination of several grain types, therefore, a modifier such as a sandy siltstone, Or a silty sandstone 
can be used. The modifier Indicates that a significant ponrbn of the rock type is composed of the 
modifier: Other modifiers can include carbonaceous, cakareous, SlliCeOuS, etc. 

Grain sita is the basis for the classification of elastic sedimentary rocks. ExhibitLf is the Udden- 
Wentworth classification that WIII be assigned to sedimentary rocks. The individual boundarles are 
slightly different than the USCS subdivisron for soil classification. For field determination of grain 
sizes, a scale can be used for the coarse grained rocks. For example, the division between slItstone 
and claystone may not be measurable in the field. The boundary shall be determined by use of a 
hand lens. If the grains cannot be seen with the naked eye but are distinguishable with a handlens, 
the rock 1s a siltstone. If the grains are not distinguishable with a’handlens, the rock is a claystone. 

5.3.2 w 

The color of a rock can be determined in a similar manner as for soil samples. Rock core samples shall 
be classified while wet, when possible, and air cored samples shall be scrap4 clean of cuttings prior 
to color classifications. 

Rock Color Charts shall not be used unless specified by the project manager. 

The bedding thickness designations applied to soil classification will also be used for rock 
classification. 

The hardness of a rock is a function of the compaction, cementation, and mineralogical composition 
of the rock. A relative scale for sedimentary rock hardness is as follows: 

l Soft - Weathered, considerable erosion of coroi easily gouged by’sccrewdriver, scratched by 
fingernail. Soft rock crush- or deforms under pressure of a pressed hammw. This term IQ 
always used for the hardness of the uprolito (decomposed rock which occupim the zone 
betw& the lowest sail horizon and firm bedrock). -. 

l Medium soft - Slight erosion of core, slightly gouged by scrwdrivw, or breaks with 
crumbly odw ftom single hammer blow. 

l Medium hard - NO core orosion, easily s&at&d by screwdriv~; or breaks with sharp edges 
from singlo hammer Mow. 

l Hard - Requires wwral hammer blows to break and has sharp conch&d& breaks. Cannot 
be scratched with sccrrwdriv~. 

Note the difference in usago hero of tha works ‘scratch* and “gouge.’ A scratch shrll k considered 
a slight depression in the rock (do not mistake the scraping off of rock flour from drilling with a 
scratch in thC rock itsoH), while a gouge is much deeper. 
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5.3.5 Fracturinq 

The degree of fracturing or brokeness of a rock IS described by measuring the fractures or joint 
rpaa ng. After e+lmtnatlng drilling breaks, the average spacing -is calculated and the fracturing IS 
described by the following terms: 

l Very broken (V. BR.) - Less than 2 in. spacing between fractures 
l Broken (RR.) - 2 in. to 1 ft. spacing between fractures 
0 Blocky (EL.) - 1 to 3 h. spacing between fractures 
0 Massive (M.) - 3 to 10 ft. spacing between fractures 

The structural integrity of the rock can be approximated by calculating the Rock Quality Designation 
(RQO) of cores recovered. The RQO is determined by adding the total lengths of all pieces l xceedrng 
4 inches and dividing by the total length of the coring run, to obtarn a percentage. 

Method of Calculating RQO 
(After Deere, 1964) 

RQO% = r/lx100 

r = Total length of all pieces of the Iithologic unit being measured, which are greater than 
4 inches length, and have insulted from natural breaks. Natural breaks include slickensides, I 

joints, compaction slicks, bedding plane partings (not caused by drilling), friable zones, etc. 

I z Total length of the coring run. 

5.3.6 Weathorinq 

The degree of weathering is a significant parameter that is important in determining weathenng 
.profiles and is also useful in engineering designs. The following terms can bo applied to distmguish 
the degree of weathering: 

0 Fresh - Rock shows little or no weathering effect. Fractures or joints have little or no 
staining and rock has a bright appearance. 

l Slight - Rock has some mining which may ponatrate several cowtimotan into the rock. ’ Clay 
filling of joints may occur. Fddspar~grrins may show some alteration. 

l Mod-0 Most of the rock, with exception of quartt grains, is steinod. Rock is weakened 
duq to we8thoring and cm bo l rsily broken with hammw. 

l Severe - All rock including quartz grains is stained. Some of the rock is woathored to the 
extent of becoming a soil. Rock is very weak. 

5.3.7 pthor alrr8ctwi~ _- 

The following items shall k included in the rock description: 

l De~r@tion of contact w two rock units. Theso can k sharp or gradational. 
l Stratification (parrlId, cross strrtifiod) 
l Oescription of any filled cavities or vugs. 
l Cementation (calcorwus, siliceous, hematitic) 



SLoject 

8OREHOl.E AND SAMPLE LOGGING 

NUf?OW zaqe 

GH.1.5 9 of 26 

Rcvlslon 
2 

Effectwe 3rw os,04/go 

0 9escrlption of any joints Or open fractures. 
0 Observation of the presence Of fossils. 

0 Notatron of joints with depth, approximate angle to horizontal, any mineral fillirg or 

coat! ng, and degree of weathering. 

All information shown on the boring logs shall be neat to the point where it can be reproduced on a 
cooy machlne for report presentation. The data shall be kept current to provtde control of the 
drilling program and to indicate various areas requiring special consideration and sampling. 

5.3.8 Additional Terms Used in the DercriDtion of ROcl( 

The following terms are used to further identify rocks: 

l Seat+ - Thin (12 inch or less), probably continuous layer. 

0 Some - Indicates significant (15 to 40 percent) amounts of the accessory material. For 
example, rock composed of seams of sandstone (70 percent) and shale (30 percent) would 
be “sandstone - m shale seams.” 

l Few - Indicates insignificant (0 to 15 percent) amounts of the accessoory material. For 
example, rock composed of seam of sandstone (90 percent) and shale (10 percent) would 
be “sandstone - b shale seams. u 

l Interbedded - Used to indicate thin or very thin alternating seams of material occurring in 
approximately equal amounts. For example, rock composed of thin alternating seams of 
sandstone (50 pwcent) and shale (50 percent) would bo “interbedded sandstone and 
shale. u 

l Interlayered - Used to indicate thick alternating seams of material occurring in 
approximately equal amounts. 

The preceding sections describe the classification of sedimentary rock% The following are some basic 
names that are applied to igneous rocks: 

0 Basalt - A fine-grained extrusive rock composed primarily of calcic plagioctaw and 
pyroxene. 

l Rhydito - A fineqrained volcanic rock containing abundrnt quartz and orthoclau. The 
fine-g&W equivalent of a granite. 

l Granite- A coarsoqrainod plutonic rock consisting essentially of alkali fddspar and quartz. 

0 Oiorite. - A coarseqrai&d ,plutonic rock consistin$ essmtially of sodic plagioclaw and 
hornblende. 

l Gabbro - A coarwqrained plritonic rock consisting of crldc plagiocl&o and dinopyroxene. 
Loowly used for any coarse grained dark igneous rock. 

3 
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The folJowlng are some basic names that are applied t0 metamorphic rocks: 

0 Slate - A very fine-grained foliated rock possessing a well developed slaty cleavage. 
Contains predominantly chiorlte, mica, quartz, and sericlte. 

0 Phyllite - A fine-grain& foliated rock that splits into thin flaky sheets with a silky sheen on 
cleavage surface. 

l Schist - A medium to coarse-grained foliated rock with subparallel arrangement of the 
micaceous mlner8ls which dominate its composition. 

l Gneiss - A coarse-grained foliated rock with bands rich in granular and platy minerals. 

l Quantite - A fine to coarswrained nonfoliated rock breaking across grains, consisting 
essentially of quartz sand with silica cement. 

5.4 A88REVlATlONS 

Abbreviations may be used in the description of a rock or soil. However, they shall be kept at ‘a 
minimum. Following are some of the abbreviations that may be used: 

C - Coarse Lt - Light YI - Yellow . 
Med - Mdium 8R - Broken Or - Orange i 
F - Fine 8L - Blocky 53 - Sandstone 

v - Very M - Massive Sh - Shale 

ISI - Slight I8r - Brown ILS - Limeston I 

I Occ - Occasional 181 - Black 1 For - Fine grained I 

I Tr - Trace I I 

5.5 BORING LOGS AN0 OOCUMENTATlON 

This section describes in mow detail the procedures to bo usod in compkting boring iogs in the field. 
Information o&ained from the proceeding sections shall bo used to cornplato the logs. A sample 
boring log has beon providd as Exhibit 4-6. The field gedogirt/anginw shall uso this example as a 
guide in compkting each borings log. Each boring log shall b fully described by the 
geologirtlenginw # the bofina is tina drille$ Evw sheet cmim s-8 for 25 feat of log. 
Information regarding dassification details is provided on the back of the boring log, for field use. 

. 
5.5.1 Joil CIasrifiutiQ0 

l Identify site nrmo, boring numbw, job numbs, etc. Elevationa and water loveI data to be 
enterad when suwoyad data is available 

a Enter samplo numbar (from SPT) under appropriate cdumn. Entar depth sample was taken 
from (1 block = 1 foot). Fractional footages, i.c, change of lithdogy a 13.7 foot, shall be 
lined off at the proportional location between the 13 and l4foot marks. Enter blow 
counts (Stmdrrd Perwtration Resistance) diagonally (as shown). Standard penetration 
resistance is covored in S&on 5.2.3. 
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0 Oettymine sample recovery/sample length as shown. Measure the total length of sample 
recovered from the split spoon sampler, including matenal in the drive shoe. 00 not 
Include cutttngs or wash matehal that may be tn theupper portion of the sample tube. 

0 Indicate any change in lithology by drawrng a line at the appropriate depth. For example, 
If clayey silt was encountered from 0 to 5.5 feet and shale from 5.5 to 6.0 feet, a line shall 
be drawn at this increment. This information is helpful in the constructlon of 
cross-sections. As an altetnatrve, symbols may be used to identify each change in lithology. 

l The density of granular SOIIS is obtained by adding the number of blows for the last two 
increments. Refer to Oensrty of Granular SOIIS Chart of back of log sheet. For consistency of 
cohesive soils refer also to the back of log sheet - Conrinency of Cohesive 5011s. Enter this 
information under the appropriate column. Refer to Section 5.2.3. 

l Enter color of the material in the appropriate column. 

0 Describe material using the USCS. Limit this column for sample description only. The 
predominate material is described last. If the primary soil is silt but has fines (clay) - use 
clayey silt. Limit soil descriptors to the following: 

Trace 0 - -10 percent 
Some 11 - 30 percent 
And 31 - 50 percent 

0 Also indicate under Material Classification if the material is fill or natural soils. Indicate 
roots, organic material, etc. 

l Enter USCS symbol - use chart on back of boring log as a guide. If the soils fall into one of 
two basic groups, a borderline symbol may be used with the two symbolr separated by a 
slash. For examplo ML/CL or SM/SP. 

l The following information shall be entered under th@ Remarks Column and shall include, 
but is not limited by the following: 

. ‘Moisture - estimate moisture content using the following terms l dry, moist, wet 
and saturath Theso terms are determined by. the individual. Whatever method 
is used to determine moisture, be consistent throughout the log. 

. Angularity - describe angularity of coarse grrined panicles using *Angular, 
Subangular, Subrounded, Rounded. Refer to ASTM b 2488 or Earth Manual for 
criteria for theso tormi . 

. Particle shape - flat, elongated, or flat and elongate& 

. Maximum Part& Jto or dimension. 

. Water IevoI.obsarvatiom. 

w Reaction with HCI - none, weak or strong. 
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0 AdditIonal Comments: 

Indicate presence of mica, caving of hole, when water was encountered. difficulty 
~ndr~lli~g,losSorgainofwater. 

Indicate odor and HNu or OVA reading if applicable. 

. Indicate any change in lithology by drawing in line through the lithology change 
column and indicate the depth. This will help later on when cross-sections are 
constructed. 

At the bottom of the page indicate typo of rig, drilling method, hammer size and 
drop and any other useful information (i.e., borehole size, casing set, changes in 
drilling method). 

. Vertical lines shall be drawn (as shown in Exhibit 4.6) in columns 5 to 8 from the 
bottom of each sample to the top of the next sample to indicate consistency of 
material from sample to sample, if the material is consistent. Horizontal lines shall 
be drawn if there is a change in Iithology, then vertical lines drawn to that point. 

. Indicate tirewed interval of well, as n&e& in the lithology column. Show top 
and bottom of screen. Other details of well construction are provided on the well 
construction forms. 

5.5.2 

l 

Rock Clasrificatioq 

Indicate depth at which coring began by drawing a line at the appropriate depth. Indicate 
core run depths by drawing coring run lines (as shown) under the first and fourth columns 
on the log shm Indicate RQD, core run number, RQO percent and core recovery under 
the appropriate columns. 

-I 

I 

I 

I 

I 

I 

I 

I 

I 

0 

0 

l 

l 

0 

Indicate lithology change by drawing a line at the appropriate depth as explained in 
Section 5.51. 

Rock hardness is entored under designated column using terms as described on the back of 
the log 01 as explained earlier in this SO&M. 

Enter Cob n determined while the core sample is wet;‘if the umplo is cored by air, the 
core rhJl k scraped clem prior to describing color. 

Enter ti type based on sedimentary, igneous or metamorphic. for sedimentary rocks use 
terms asdescribed in Wetion S-3. Again, k conWont in classification. Uu modifiers and 
additional terms as noadd. For igneous and metamorphic rock tym use terms as 
de&M in Sections 5.3.0. 

EntW b&mess of. rock or degree’ of frmring u&or the appropriate column using 
SYmbOh VW 8R 61 or M as explained in Section 5.3.5 and as notti on the back of the 
Boring Log. 
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0 The follow,ng information shall be entered under the remarks Column. Items shall include 
but are not limtted to the following: 

lrdlcate depths of joints, fractures and breaks and alSO approximate to horizontal 
angle (such as high, low), I.e., 70’angle from horizontal, high angle. 
Indicate calcareous zones, description of any Cavities or vu9s. 

s Indicate any loss or gain of dnll water. 
Indicate drop of drill tools or change in Color Of drill water. 

l Remarks at the bottom of Boring Log shall include: 

- Type and size of core obtained. 
. . Oepth casing was set. 

Type of Rig used. 

l As a final check the boring loq shall include the following: 

- Vertical lines shall be drawn as explained for soil ctassification to indicate 
consistency of bedrock material. 

s If applicable, indicate screened interval in the Iitholoqy column. Show top and 
bottom of screen. Other details of well construction are provided on the well 
construction forms. 

5.5.3 Classification of Soil and Rock from Orill Cuttinq 

The previous sections describe procedures for classifying soil and rock samples when cores are 
obtained. However, some drilling methods (air/mud rotary) may reguiro classification and borehole 
logging based on identtfying drill cuttings removed from the borehole. Such cuttings providi only 
general information on subsurface lithology. Some procedures that shall bo followed when logging 
cuttings are: 

0 Obtain cutting semples at approximately 5 foot intervals, sieve the cuttings (if mud rotary 
drilling) to obtain a cleaner sample, place the sample into a small sample bottle or “zip 
lock” bag for future reference, and label the jar or bag (i.e. hole number, depth, date etc.). 
Cuttings shall bo closely l xamind to determine genera! lithdoqy. 

l Note any chanqe in color of drilling fluid or cuninqs, to estimate changes in litholoqy. 

l Note dq 01 chattering of drilling tools or a change in the rate of drilling, to determine 
fracture locations or litholo#c changes. 

e Observe IOU or gain of driliinq fluids or air (if air rotary methods are used), to identify 
potential fracture tona _ 

l Record this’ and any other uwful information onto the boring loq as provided in 
Exhibit&l. 

This lo99in9 wovida a g*nwal description of subsurface lithology and adequate information can be 
obtained through Careful observation of the drilling process. It isrecommend& that Nit bane1 and 
ro& core amPlin9 mathOdS k used at ulmed boring locationS during the field invwqetion to 
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provide detailed information to supplement the less detailed data generated through borings drilled 
using arr/mbd rotary methods. 

5.6 REVIEW 

Upon completron of the borings logs, copies shall be made and reviewed. Items to be reviewed 
- Include: 

l Checking for consistency of all logs 
l Checking for conformance to the guideline 
l Checking to see that all information is entered in their respective columns and spaces 

6.0 REFERENCES 

Unified Soil Classification System (USCS) 

ASTM 02488,198S 

Eanh Manual, U.S. Department of the Interior, 1974 

7.0 RECORDS 

Originals of the boring logs shall bo retained in the project fik 
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BORING LOG NUS CORPORAlION 

'ROJECT 30AINC UO. 

JSOJEfl No.: OATE: IRIL,ER:. ...... ........ 
ELEl/ArION: ................... FIELD GEOLOG,ST: .................. 
‘NATER LEVEL OATA : .......... .................... 

(3ate. Tim0 & COndltiOfld ................... ................... 

. 
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CONSISTENCY FOR COHESIVE SOILS 

Field Identification Consistency 
(6lows 

per Foot) 

Unconfined 
Compressive 

Strength 
(tonr/square 

foot by pocket 
penetration 

dery soft 

Soft 

Medium stiff 

0 to 2 

2to4 

4to8 

Less than 0.25 

0.25 to 0.50 

0.50 to 1.0 

Easily penetrated several inches by fist 

Easily pwwttated several inches by thumb 

Can be pwwtratd several inches by 
thumb with moderate effort 

itiff 8to 1s 

/cry stiff 15 to30’ 

dard Over 30 

1.0t02.0 Readily indented by thumb but penetrated 
only with great effort 

2.0 to 4.0 Readily indented by thumbnail 

More than 4.0 Indontod by thumbnail 

I 
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BEDOING THICKNESS CLASSIFICATION 

Thickness (Approximate 
English Equivalent) 

Cfasrrfication 

(Weir, 1973 and Ingram, 1954) 
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GRAIN SIZE CLASSlFlCAl’lON FOR ROCKS 
I 

I 
I 1 

Particle Name 
I 

Grain Size Diameter 
I 

Cobbles >64mm 
1 

Pebbles 444mm 

Grkwles 2-4 mm 
. 

VwyCoaneSand 1-2-mm 

CoarseSand 0.5-l mm 

Medium Sand 0.25-0.5 mm 
I 

Fine Sand 0.1250.25 mm 

Very Fine Sand 0.06254125 mm 

Silt 0.0039-0.0625mm 

After Wenwonh, 1922 
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1.0 PURPOSE 

The purpose of this procedure is to prowde reference inPormation regarding the appropriate 
procedures to be followed when conducting decontamination activfties of drtlling equipment and 
monltorlng well materials used during field investigations. 

2.0 SCOPE 

This procedure addresses oniy drilling equipment and monitoring well materials decontamination,. 
and shall not be considered for use with chemical sampling and field analytical equipment 
decontamination. 

3.0 GLOSSARY 

None. 

4.0 RESPONSIMJTIES 

Field Operations Leader - Responsible for ensuring that proj@ct specific pianrand the implementation 
of field investigations are in compliance with these pro~edurm 

5.0 PRocEauREs 

To insure that analytical chemical results are reflective of the actual concentrations present at 
sampling locations, various drilling equipment involved in field investigations murt be property 
decontaminated. this will minimize the potential for’ crossxontaminrtion between sampling 
locations, and the transfer of contamination off site. 

Prior to the initiation of a drilling program. all drilling eguipmant involved in field sampling activities 
shall be decontaminated by storm cleaning at a predotefmined area. The steam cleaning procedure 
shall be performed using a high-pressure spray of heated potable water producing a pressurized 
stream of steam. This steam shall k sprayed directly onto all surfaces of the various equipment which 
might contact environmental sample. The d~orttamination proctiura shall b performed until ail 
equipment is free of all yisibb potantial contimination (dirt groaso, oil, noticeablo odors, etc.) In 
addition, this decorruminatiorl proced~+ shall b wormed at the compbtion of each sampling 
and/or drilling loution, including soil borings, installation of m&?itoring wdls, test pits, etc. Such 
equipment shhdl indudo drilling rigs, backhoes, downhdo tools, rug-, wall casings, and screens. 

The steam &Ming am shall be designed to contain decontaminatior, wastes and waste watin, and 
can be a lined excavated pit or a bormed concrete or asphalt pad. For the iattor, a floor drain must be 
provided which is connected to a holding facility. A shallow l bovesurfwe tank may be used or a 
Pumping system with discharge to a w.asta tank may k installad.. 

In .certain cases, due to budget constraints, such an elaborate d~ontamhation pad is not possible. In 
rush cases, l plastic lined gtavol bed pad with a collection system may servo as an adequate 
deccdntamination area. The location of the steam cleaning area shall k on site in ordff to minimtre 
potmiai impacts at ceuin sita 
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Guidance to be used when decontamlnatrng equipment shall include: 

0 AS a general rule, any pan of the drilling rig which extends over the borehole, shall be 
steam cleaned. 

l All drilling rods, augers, and any other equipment which WIII be Introduced to the hole 
shall be steam cleaned. 

l The drtlling rig, all rods and augers, and any other potentially contaminated equipment 
shall be decontaminated between each well location to prevent cross contamlnatton of 
potenttal hazardous substances. 

Rinsate samples of well casing’and screens may be necessary if spkfically required for a given site. If 
required, at least 1 percent, and no more than 5 percent of steam cleaned lengths of casing and 
screens combined shall be sampled. 

Prior to leaving at the end of each work day and/or at the completion of the drilling program, drilling 
rigs and transport vehicles used onsite for personnel or equipment transfer shall be steam clean&. A 
drilling rig left at the drilling location dm not need to be steam cleaned until it is finished drilling at 
that location. 

6.0 RECORDS 

None. 
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1.0 PURPOSE 

ThlS procedure deScrlbeS methods for proper monitoring Well derign, InStallation, and development. 

2.0 SCOPE 

This procedure is applicable to the construction of permanent monitoring wells at hazardous waste 
srtes. The methods described herein may be modified by PrOjetSSPffifk requirements for monitoring 
well construction. In addition, many regulatory agencies have specific regu&lOnS penalnlng t0 
monitoring well construction and permitting. These requirements must be ascertained during the 
development of the investigation and any required permits which may have to be obtained before 
field work begins. Innovative monitoring well installation techniques, which typically are not used, 
will be discussed only generally in this procedure. 

3.0 GLOSSARY 

MD - A well which is properly screened (if screening is necesury), cased, and sealed 
which is capable of providing a groundwater level and groundwater sample representative of the 
zone being monitored. 

Pietometer l A pipe or tube inurtod into the water barring tono, typically open to water fiow at the 
bottom and to the atmosphere at the top, and used to measure water IovoI elevations. Pietometen 
may rango in size from t/t-inch diameter plastic tubas to wolf points or monitoring wolfs. 

Potentiometric Surfacq - The surface to which water in an aquifer would riu by hydrostatic pressure. 

Well Point (Drive Pointi- A screened or p&orated tu& (Typically ?-l/4 or 2 inches in diameter) with a 
solid, conical, hardened point at one end, which is attached to a riur pipe and driven into the ground 
with a skdg8 hammer, drop weight, or mechanical vibrator. Well points may k used for 
groundwater injection and recovoty, as pietomatars (i.e., to measun water levels) or to provide 
groundwater samples for water quality dau. 

4.0 RESPONSIRklTlEf 

Driller - fh* drillor provides adoquato and operable equipment, wffkiont quantities of materials, and 
an exp@lienC@d arid efficient labor force to perform all phasosof prom monitoring wdl installation 
and constnrctiorr. HO may also be responsible for obtaining, in advmco, any required permits for 
monitoring wall installatioh and construction. 

Rio Geoloqirt - Tk fig go&gist supuvim well installation ad construction by the Driller, 
documents all phases of wJI installation ,and construction, and insures that wall construction IS 
adequate to provide reprasontativo ground water .data from the monitored intowal. Geotechnlcal 
engineOti, field technicians, or other suit+lo trainad porsonnol may also sowo in this capacity. 
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5.0 PROCEDURES 

5.1 EQUIPMENT/ITEMS NEEDED 

3etow IS a list of Items that may be needed while installing a monltorlng well. 

l Health and safety equipment as required by the site safety officer. 

l Well drilling and installation equipment with associated materials (typically supplied by the 
dnller). ’ 

0 Hydrogeologlc equipment (weighted engineers tape, water level indicator, retractable 
engtneen rule electronic calculator, clipboard, mirror and flashlight - for observing 
downhole activities, paint and ink marker for marking momtoring weils, sample jars, well 
installation forms, and a field notebook). 

l Drive point installations tools (Sledge Hammer, drop hammer, or mechanical vibrator; 
tripod, pipe wrenches, drive points, riser pipe, and end caps). 

5.2 WELL OESJCN 

The objectives for each monitoring well and its intended use must bo clearly defined before the 
monitoring system is designed. Within the monitoring system, different monitoring wells may serve 
different purposes and, therefore, require different types of construction. During all phases of the 
well design, attention must be given to clearly documeming the basis for design decisions, the details 
of well construction, and the matorials to by UN. The obj&v@s for intilling the monitoring wells 

may include: 

l Determining groundwater flow directions and vdocities. 
a Sampling or monitoring for tracecontaminants 
l Determining aquifer characteristics (e.g., hydraulic conductivity) 

Siting of monitoring wells hill be parformed after a preliminary estimation of the groundwater flow 
direction. In most cases, thesa can bo determined through the review of geologic data and the site 
terrain. In addition, production walls or other monitoring wells in the area may h used to determine 
the groundwater flow direction. If theso methods cannot bo usad, piotorntiars, which are relatrvely 
inexpensive to install, may have to k installed in a preliminary phase to determine groundwater 
flow direction. 

The well depth, diameter, ad monitored internal must be tailored to the specific monitoring needs 
of each investigation. Sp@cificrt&n of theso items go&rally depon& on the purpose of the 
monitoring system and the characteristics of the hydrogeologic system being monitora& Wells of 
different depth, diameter, and monitored interval can k ampI& .in the same groundwater 
monitorhg system. For instaw.e, varying the monitored interval in sev~a4 web, at the same locatlon 
(C!US~W wMs) can help to determine the venical gradient and the levels at which contaminants are 
pr-. Comrsly, a fully penmrting well is usually not usd to quantify 01 vertically locate a 
contamination plume, since groundwater samples collacted in wollsqhat are screonod over the full 
thickness of the water bearing tone will bo representative of l vwrgo cmitim woss the entIre 
monitored interval. How~v~, fully penetrating wells can be used to establish the existence of 



l Whether the purpose of the installation is for determining existence or non-existence of 
contamination or if a particular stratigraphic zone is being investigated. 

0 The analysis of borehdo geophysical logs. 

In most situations whwm groundwatw flow lines are horitorml, depending on the purpose of the 
well and the site conditions, monitored intervals am 2Ofeet or less. Shorter screen lengths 
(1 to 2 feet) are usually required where flow lines are not horizontal, (ic, if the wells are to be used 
for accurate measurement of the potentiometric head at a specific point). 

Many factors influence the diameter of a monitoring well. The diameter of the monitoring well 
depends on the application. In determining well diameter, the following needs must be considered: 

l Adequate water volume for sampling. 
0 Orilling methodology. 
l Type of sampli.ng device to k used. 
l costs 

Standard M&o&g weIl dirmtiers are 2, 4, 6, or Oinches. However, drive points are typically 
l-1/4 or 2 inch in diameter. For monitoring programs which require screened monitoring wells, 
either a 2-inch or&inch diameter well is preferred. Typically, well diameters greater than 4 inches are 
used in monitWng ~WQWWS in which open hole monitoring wetIs are require& In the smaller 
diameter wells, the vobn~ of stagnant water in the well is minimize& and WON cdnstruction costs are 
reduced, however, the typo of sampling devices that can k used an limited. 
diameter, sampling raquirwnants must k considered. 

In sp&fying well 
Up to a total of 4gallons of water may be 

quid for a single mrnple to account for full organic and ime arMysea, and split samples. The 
water in the monitoring well available for sampling is dependent on the well diametkr as follows: 
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contamlnatlon in water bearing zone. The well diameter would depend upon the hydraulic 
characterlstlcs of the water bearlng zone. Sampling requirements, drllllng method and cost. 

The dectoion concerning the monltored Interval and ~$1 depth IS based on the following 
~nformatron: 

l The vertical location of the contaminant source in relation to the water bearing zone. 

l The depth, thickness and uniformity of the water bearing zone. 

l The anticipated depth, thickness, and characteristics (e.g., density relative to water) of the 
contaminant plume. 

l Fluctuation in groundwater levels (duo to pumping, tidal influences, or natural 
recharge/discharge events). 

l The presence and location of contaminants encountered during drilling. 

1 
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Casing Inside 
Standing Water Depth to Total Oepth of Standrng 

Dtameter, Inch 
Obtain 1 Gal Water Water for 4 Gal. 

(feet) (feet) 
1 

2 6.13 25 , I 
4 1.53 6 

6 0.68 3 \ 

However, if a specific well recharges quickly after purging, then well diameter may not be an 
important factor regarding sample volume requirements. 

Pumping tests for determining aquifer characteristics may require larger diameter wells; however, In 
small diameter wells.in-situ permeability tests can be performed during drilling or after well 
installation is completed. 

I 5.2.2 Riser Pioe and Screen Material* 

Well materials are specified by diameter, type of material, and thickness of pipe. Well screens require 
an additional specification of slot size. Thickness of pipe is referred to as “schedule” for polyvinyl 
chloride (PVC) casing and is usually Schedule 40 (thinner wall) or 80 (thicker wall). Steel pipe thickness 
is often referred to as “Strength” and Standard Strength is usually adequate for monitoring well 
purposes. With larger diameter pipe, the wall thickness must be greater to maintain adequate 
strength. The required thickness is also dependent on the method of installation;-risen for dnve 
points require greater strength than wells installed inside drilledborings. 

The selection of well screen and riser materials depends on the method of drilling, the type of 
subsurface materials in which the well penetrates, the type of contamination expected, and natural 
water quality and depth. Cost and the level of accuracy required are also important The materials 
generally available are Teflon, stainless steel, PVC, galvanized steeI, and carbon steel. Each has 
advantages and limitations (see Attachment A of this guideline for an extensive discussion on this 
topic). The two most commonly used materials are PVC and stainless steel for wells in which screens 
are installed and are cornpar& in Attachment 8. Stainless steel is preferred where trace motais or 
organic sampling is required; however, costs are high. Teflon materials are extremely expensive, but 
are relatively inert and provide the least oppocrunity for water-contamination duo to well materials. 
PVC has many advantages, in&ding low cost, excellent availability, light weight, and ease of 
manipuhiow however, there are also some questions about organic chemical sorption and leaching 
that are Curt- being researched (see Barcelona et al., 1983). Concern about the use of WC can be 
minimized it PVC wells are used strictly for geohydrdogic measurements and not for chemical 
sampling. The crushing strength of PVC may limit the depth of installation, but schedule 80 materials 
normally used for tieUs greater than 50 feet deep may overcome some of the probhns associated 
with depth. However, the smallerinsido diameter of SchoduloW pipe may k an important factor 
when considering the size of bailers or pumps to be used for samplikg 01 testing. 
Problem the minimum well pipe sitrrecommended for schedule 80 v&Is is 4 inch 1.0. 

Due to this 

Screens and riser$ may have to & decontaminated before use kuuso oil-based matives and oil 
used during thread cutting and screen manufacturing may cminato sunpk Metal pipe, may 
corrode and release metal ions or chemically react with organic constituents, but this is considered by 
some to be Iesa of a problem than the probkn associated with PVC material. Galvanized stwl is not 
recommended for metal anal- as zinc and cadmium levels in groundwater rumples may be 
elevated from the zinc coating. 
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Threaded, flush-joint casing is most often preferred for monitoring well applications. PVC. Teflon, 
and steel can ajj be obtelned with threaded joints at slightly more COStS. Welded-jornt Steel casing 1s 
a/so acceptable, Glued PVC may release organic contamioatron tnt0 the well and therefore should 
not be used If the well IS to be Sampkd for orgad COrRaml~afltS. 

- When the water bearing zone is in consolidated bedrock, such a$ limeStOn Of ffaCtUftd grafllte, d 
well screen is often not neceswy (the well is simply an 0p8n hole in bedrock). Unconsolidated 
materials, such as sands, clay, and silts ttquire b WOW?. A screen slot site of 0.010 or 0.020 inch IS 
geoerally used when a screen is necessary and the screened interval is artificially packed wtth a fine 
sand. The slot site controls the quantity of Water entering the well and prevents entry Of natural 
materials or sand pack. The screen shall pass no more than 10 percent of the pack material, or In-Situ 
aquifer material. The rig geologist shall specify the combination of screen slot size and sand pack 
which will be compatible with the water bearing zone, to. maximiro groundwater inflow and 
minimize head losses and movement of fines into the wrlk (For example, as a standard procedure, a 
Marie ~0.1 or Ottawa sand may be used with a 0.010~inch slot sccre~l, however, with a 0.02~inch slot 
screen, the filter pack material must be the material retained on a NO. 20 to NO. 30 U.S. standard 
sieve.) 

5.2.3 Annular Mtierirlg 

Materials placed in the annular space botwo~ the borohdo and riser pip@ and screen include a sand 
pack when necessary, a bentonito seal, and coment-bentonite grout The sand pack is usually a fine 
to medium grainod well graded, silica sand. The quantity of sand placed in the annular space is 
dependent upon the length of the sccroonod interval but should always extend at least 1 foot above 
the top of the screen. At least m to threofeet of bentonite pellets or equivalent shail be placed 
above the sand pack. The cemwt-bentonito grout or equivalent extends from the top of the 
bentonite pallets to the ground surface. 

On occasion, and with the concurrence of the involved regulatory agoncios, monitoring wells may be 
packed naturally, i.e., no artificial sand pack will be installed, and the natural formation material will 
be allowed to collapso around the well .screW aftu the well is installed. This method has been 
utilized where the formatior, mat&d itwlf is a rdativ~y uniform grain siqor when artificial sand 
packing is not possible duo to bomholo collapse. 

8entOnite expand8 .by absorbing water and provides a seal botwoon the screonod intowal and the 
overfying portion of the l nnulu Iplco and formation. Cement-bantonito grout is placed on top of 
the bmtonite P&B t0 the urrftir. The grout effectholy urls the well and diminatos the porrlbility 
for surface infiltradon reaching the scrwwd intwvd. Grouting al@ replaces material removed 
during dhlliog u1() Pnwmr hdo edlapso and subsidencr around the wJI. A tnmie pipe should be 
USed to introduC@ OroUt from tha bonom of the holo upward, to pmmM bridging and to provide a 
bettu wi. HOW-, in bor8hoks that don’t collapse, it may k more practical to pour the grout 
from the surface without a tremio pipe. . 

Grout is a 9orW’af tom which has savoral difforont connotatiom. For all p&al purpoeoe within the 
monitoring w4 ;n%WatiW industry, grout refm TV the solidified matori& which is installed and 
=uPia the annuls SW8 l bov8 th8 bentonito pellet se&. Grout most of the time, is mad0 UP 0f 

.’ two aee@nJbfaW Of muttid, i.e., a COWIent-bentonito grout A cowwit bontonit@ Orout normally IS a 
mixture of ccHnm b8mhto and watu at a ratio of one 9ogound bag of Portland Typo I cement, 
3-3 pounds of QranulH or flak*typo bantonito and 6 qallons of watrr.1 A noat cement is made UP of 
one nine-W-pound brg of portlad Type I cement and 6 gallons of watw. 
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I” ceRaln cases, the borehole may be drilled to a depth greater than the aflticlpatti well imtallatlon 
depth, For lhe$e cases, the well shall be backfilled to the desired depth ~41th bemonite Pellets Or 
equ,valent. A shOti (1’.2’) section of capped riser pipe sump IS SOmetimeS installed immedlate4r below 
the screen, as a slit reservoir, when significant post-development silting 1s antlclpated. This Will 
ensure that the entlre screen surface remains unobstructed. 

- 5.2.4 Protective Casing 

When the well is completed and grouted to the surface, a prO%tiVe Sted Casing is often placed over 
the top for the well. This casing generally has a hmged cap and can be locked to Prevent vandalism. 
A vent hole shall be provided in the cap to allow venting Of gases and maintain atmospheric Pressure 
as water I.eveis rise or fall in the well. The protective casing has a larger diameter than the well and 1s 
set into the wet cement grout over the well upon Completion. In addition, one hole is drilled just 
above the cement collar through the protective casing which ‘ZKU as a weep hole for the fbv Of 
water which may enter the annulus dunng well development, Purging, Or Sampling. 

A Prote&ve casing which is level with the ground surface is used in roadway or parking lot 
applications where the top of a monitorinQ well must be below the pavement. The top of the riser 
pipe is placed 4to 5 inches below the pevement, and a locking protective casing is cemented in place 
to 3 inch- below the pavement A large diameter protective sleeve is sot into the wet cement around 
the well with the top set level with the pavement A manhole type lid placed over the protective 
sleeve. The cement should be slightly mounded to direct pooled water away from the well head. 

5.3 MONITORIN WELL INSTALLATION 

5.3.1 Monitorina Wollr in Unconsolidated Sadimenp 

After the borehole is drilled to the desired depth, wall installation can begin. The procedure for well 
installation will panially be dictated by the stability of the formation in which the well is being 
placad. If the boreholo collapses immediately after the drilling todr are withdrawn, then a 
temporary casing must k installed and weil installation will proceed through the center of the 
temporary casing, and continue as the temporary casing is withdrawn from the borehot*. In the cau 
of hollow stem auger drilling, the l ugus will act to stabilize the borehole during well installation. 

Before the screen and rib pim are low8wd into the borehole, all pipe and screen sections should be 
measured with an engineers rule to ensure proper well placement When measuring sactions, the 
threads on one erid of the pipe or screen must be l xc!uded while measuring, since the pipe and screen 
sections are scrrmb flush togother. 

After the scrSa6nd riser #PO m lowered thrdugh the temporary casing, then the sand pack can be 
installed. A w&m trP@ m-n must be used during the procedure in order to crrofully monitor 
installation PrOgm ThO send is poured into the annulus between the riser pipe and temporary 
caring, as the catin iS withdrawn. Sand should always k kept within the temporary casing during 
withdrawal in order to l nsuf~ l .n adoquau wnd pack. HOWOW, if tOa much sand is within the 
temporary caring (greatu than 1 foot above th0 bon009 0f th0 casing) bridging brtween the 
temporay casing and rise pipe may occur. 

After ** wnd w is imtrbd t0 t)N dmirod depth, (at least 1 foot above the toe Of the screen) then 
the bentoMe mlet s-eel or UWiWlWVt, can be installed, in the same manner ae the sand pack. At 
least 1 to 3 feet of bentonite pellets should be instal ted above the sand p&. 

0334901 . 
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the cement.oenton,te grout ,s then mixed and either poured of tremicd Into the annulus as the 
;emDorary casing or augers are withdrawn. Finally, the protective casing can be installed as detalled 

,n Sectron 5 2.4. 

In stable formarrons ,&here borehole collapse does not occur, the well can be malled as dixussed 
above, and the use of a temporary casing 1s not needed. However, centralizers may have to be 

- ,nstal[ed, one above, and one below the screen, to assure enough annular Space for sand Pack 
placement. A typical overburden monitoring well sheet is shown. 

5.3.2 Confinina’Lavor Monitorina Wells 

When drilling and installing a well in a confined aquifer, proper well installation techniques mUSt be 
applied to avoid cross contamination between. Under most conditions, this can be accomplished by 
installing double-cased wells. This is accomplished by drilling a large diameter boring through the 
upper aquifer, 1 to 3 feet into the underlying confining layer, and sMtir?g and pressure grouting or 
tremie grouting the outer casing into the confining layer. The grout material must fill the space 
between the native material and the outer casing. A smaller diameter boring is then continued 
through the confining layer for installation of the monitoring well as detailed for overburden 
monitoring wells, with the exception of not using a touqwrary casing during installation. Sufficient 
time which will be determined by the rig geologist; must be allowed for setting of the grout prior t0 
drilling through the confined layer. A typical confining layer monitoring well sheet is shown in 
Attachment C. 

5.3.3 6-q 

When installing bedrock monitoring wells, a largo diameter boring is drilled through the overburden 
and approximately 5 feet into the bedrock. A casing (typically stod) is installed and either pressure 
grouted or tremie grouted in place After the grout is cured, a smaller diameter boring is continued 
through the bedrock to the desired depth. If the boring does not collapse, the well can ba left open, 
and a screen is not necessary. If the boring collapses, than a screen is required and can be installed as 
detailed for overburden monitoring wells. Howover, if a screen is to b used, then the casing which is 
installed through the ovqrburdon and into the bedrock does not require grouting and can be 
installed temporary until final well installation is completed. Typical wqM construction forms for 
bedrock monitoring walls are shown in Attachment C 

5.3.4 Drive Poinp’ 

Drive points can k installed with either a sledge hammer, drop hammer, or a mechanical vibrator. 
The screen is thM l hd tightWWd onto the risw pip with pi* wrenche$. The drive point ts 
simply pounded into the wbsuffaco to the desired depth. 
tripod and PullY WtUp is roquirad to lift the hammer. 

If a heavy drop hrmmor is used, then a 
Drive poise typically cannot k driven to 

depths exceeding 10 feqt. 

5.3.S lkovitivo Monitofina Wall Inst&tion T&hniaryl 

Certain innovative samplini devices hrvo proven a&a- Theso devicm are essentially 
%rmWd WmPlm instahd in a borehd8 with only one of two small4ianwt8r tube8 l xluvding to the 
SUrfaa Mamfammrs Of thm typ@s of samples claim that four sampbs can be installd in a 3-Inch 
diameter borehole. flris reducoe drilling costs, decreases the vdumo of stagnant waur, and provides 
a -mPlinQ synrm that minimitos cross contamination from sampbw +ipmti these samplers 
also Mom well when the water table is within 2S feet frdm the rurfaco (the typicat rango of SUCTION 
wvs). Two manufacturen of thesa umphn ara timco Manufxtwing Company, Inc., of 
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Pralrte du sac, ‘Wisconsin, and BARCAD Systems, Inc., of Concord, Massachusetts. Each offers various 

construc:ion materrals. 

Two addltlonal types of multilevel sampling systems have been developed. Both employ lndivldual 
screened openings through a small-dtameter casmg. One of these systems (marketed by Westbay 
Instruments Ltd. of Vancouver, British Columbia, Canada) uses a screened pon and a sampling probe 

- to obtain samples and head measurements or perform permeability tests. this system allows sampling 
ports at intervals as close as 5 feet, if desired, in boreholes from 3 to 4.8 inches rn diameter. 

The other system, developed at the University of Waterloo at Waterloo, Ontario, Canada, requires 
field assembly of the individuql sampling ports and tubes that actuate a sample piston pump and force 
the samples to the surface. Where the depth to ground water is less than 25 feet, the piston pumps 
are not required. The assembly is made of easily obtained materials; however, the cost of labor to 
assembli these monitoring systems may not be cost-•ffectivq. 

5.4 WELL DEVELOPMENT METHODS 

The purpose of well development is to stabilito and increase the permeability of the gravel pack 
around the well screen, and to restore the permeability of the formation which may have been 
reduced by drilling operations. Wells are typically developed until all fine material and drilling water 
is removed from the well. Sequential measurements of pH, conductivity and temperature taken 
during development may yield information (stabilized values) that sufficient development is reached. 
The selection of the well development method (shall) bo mado by the rig geologist and is based on 
the drilling methods, well construction and installation details, and the characteristics of the 
formation that the well is screened in. The primary methods of wJI development are summarized 
below. A more detailed discussion may be found in Oriscoll(l986). 

OverDumoina and Backwashinq - Wells may be developed by altonatively drawing the water level 
down at a high rata (by pumping or bailing) and then reversing the flow dirtion (backwashing) so 
that water is passing from the well into the formation. This back and forth movement of water 
through the wetl screen and gravel pack serves to remove fines from the formation immediately 
adjacent to the well, while preventing bridging (wedging) of sand grains. Iackwashing can be 
accomplished by several methods including pouring water into the well and theh bailing,starting and 
stoppmg a pump intermittently to change water levels, or forcing wrtor into the wall under pressure 
through a water-tight fitting (‘rawhiding”). Care should k taken when backwashing not to apply 
too much pressure, which could damage or destroy the wdl screen. 

Suroino with a 9ur00 flu-- A surge plunger (also callad a surge block) is approximately the same 
diameter as the m)l casing and is used to agitate the water, causing it ta move in and out of the 
screens. This-movotnant of water rpulls fine matwirls into the wall, whore thy may be removed by 
any of several methods, and provonts bridging of sand putictos in the gravel pack. There are tie 
basic types of surge plungers; solid and vrlvod surge plunge In.formations with low yields, a valved 
surge plunger may k preferred, as solid plungers tend to force water out of the wall at a greater rate 
than it will flow back in. Valved plungers are designed to produce a g-or inflow than outflow of 
water during surging. 

Comwessed AiC - Compressed air can b@ used to develop a weI1 by Jthu of two methods: 
backwashing or surging. Backwashing is dono by forcing warn out through the scrwn%, using 
increasing air pmssuro insido a waled well, then releasing the prossuritad air to allow the water to 
flow back into the well. Care should bo taken when using this m&od so that the wrtw level does 
not drop below the. top of the sue&, thus reducing wall yield. Surging, or the ‘opan well’ method, 
consists Of l ltomatdy releasing Iargo volumes of air suddenly into an open unll b&w the water level 
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to produce a strong iurge by virtue of the resistance of water head, frkclon, and inertia. PumPrng the 
weI1 I~ subsequently done with the aw lift method. 

H,qh Velocltv !ettlrq - ln the high velocity jetting method, Water is forced at high VdOdeS from 0 
plunger-type device and through the well screen to loosen fine parcider from the sand pack and 
surrounding formation. The jetting tool IS slowly rotated and raised and lowered along the length Of 
the well screen to develop the entire screened area. Jetting using a hose lowered into the well may 
also be effective. The fines washed into the screen during this process can then be bailed or pumped 
from the well. 

6.0 REFERENCES 

Scalf, M. R., J. F. McNabb, W. 1. Dunlap, R. L. Colby, and J. Fryberger, 1961. Manual of Groundwater 
SamDlina proc&ura, R. 5. Kerr Environmental Research Laboratory, Office of Research and 
Development, U.S. EPA, Ada, Oklahoma. 

Barcelona, M. J., P. P, Gibb and R. A. Miller, 1983. A Guide to the selection of Materials for Monitorinq 
W UC nt (q molin ISWS Contract Repqft 327, Illinois State Water Survey, 
Champaign, Illinois. 

U.S. EPA, 1980. Procedures Manual for Groundwater Monitoring of Solid Waste Disposal Facilities, 
Publication SW-61 1, Office of Solid Waste, U.S. EPA, Washington, DC. 

Driscoll, Fletcher G., 1986. Groundwater and Wells, Johnson Division, St. Paul, Minnesota, 1989 p. 

7.0 RECORDS 

A critical part of monitoring well installation is recording of significant details and pvm in the field 
notebook. The Geologist must record the exact depths of significant hydrogeobgicrl features screen 
placement, gravel pack placmmt, and bentonito placement. 

A Monitoring Well Sheet (Atiacl~~ent C) shall ba used which allows the uniform recording of data for 
each installation and rapid identification of missing information. Well depth, length, materials of 
construction, length and omings of screen, length and typ@ of riser, and depth and type of all 
backfill materials shall b0 roeodd. Additional information (shall) include lopatiqn, installation date, 
problems l ncountwad, watu Iovmh bofom and after w4 instdlati~, cros+roformr to the geologic 
boring log, and mtkd% used during the installation and dovelopmont process. The documentation 
is very importwn to prevent pfpbbms invdving questionrblo sample validity. Somewhat different 
information will noad to k ncorded.depanding on whothar the wall is completed in overburden, in 
a confined IayU, in kdrpck with a cased well; or as Cn open hole in bedrob. 

lb quantities Of Sand, kntorrito, and-grout placpd in the WI are l Js0 imm Th8 Geologist 
shall calculate the annular space vdumo and have a gene&idea of the qutity of mawi& needed 
to fill the l mular space. Volumes Of ‘backfill significantly high than the cal<ula~ volume may 
indicate a problem such as a large cavity, while a smaller backfill vdu&.my indim a cave-in. Any 
ProMemS with rig OPUatiOr, or.down time shall ba recorded rnd may detomirw the drillefs final fee. 
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AI-I’ACHMENT A 

TA8l.E 7.4 RELATIVE COMPAllUJlY OF RIGID WELL-CASING MATERIAL (PERCENT) 

I I I PWCl(rl ovclll44anq 91 58 56 I 59 I 93 I 96 I 100 1 

Prelimtnarv Rankma of Riatd Matrrcalq 

Teflon@ 

StacnleuSteol316 

Strlnlou sted 304 
PVC I 

Lo-Carbon Steel 
Galvanwd Stool 
Carbon Sted 

Trad8mark of DuPont 

REIATIVR COMPATlR&JTY OC SEMI-RJGID OR EUSTOMERX MATERIALS (PERCENT) 

PVC 

Flextblo 
PP 

PE 
Conv. 

PE 
Lmrar 

PMM Vitonm Silicone Neoprmo Teflon@* 

I 

auffawa waaa 4cu 97. 97 loo 97 90 92 67 65 100 
, 

w*4k nc!d 92 90 94 96 78 76 75 r 75 100 
I 

M~wr8l4<18+hqn Sal* loo 109 100 100 95 loo 76 62 100 
1 ( 

~auaouu0rq4mc remam 62 71 40 60 49 .,78 49 ‘44 100 

‘arcam ovarall nmlnq 169 90 64 68 78 67, 72 72 ‘00 

1 

2 
‘3 
4 

5 
6 
7 : 
source: 
. 

Polyprooyleno (PC) 
PVC floxlblUP6 linw 
VItono 

PE ConvonnonJ - 

PIexIgl8wLuclta (PMM) . 
SiliconUNoOprwa 

68rcolonr 8t 81.. 1963 
Trrdomrrk of DuPont 

I 
r)-?AUll _ 

. 
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ATTACHMENT 8 

COMPARISON OF STAINLESS STEEL AN0 PVC FOR MONJTORING WELL CONSTRUCTION 

Characteristic Stainless Steel PVC 

5 ttcngth Use in deep wells to prevent 
compression and closing of 
screen/riser. 

Use when shear and compressrve 
*strength not critical. 

Wefght 

cost 

Cortorivity 

Relatively heavier 

Relatively expensive 

Deteriorates more rapidly in 
corrosive water 

Lightweight, floats in water 

Relatively inexpensive 

Non-corrosive-may detoriorato in 
prwnco of ketones, aromatics, al kyl 
sulfides, or some chlorinated HC 

Ease of Us0 Difficult to adjust size or length in Easy to handle and work in the field. 
the fidd. 

Preparation for Us0 

Interaction with 
Contaminantsa 

Should be steam-cleaned for 
organic8 sampling 

May sorb organic or inorganic 
substances whm oxidized 

Never uw glue fittings-pi- should k 
threaded or pressure-fitted. Should be 
steam cleaned if used for monitoring 
WOIIS. . 

May sorb or roleaso organic substances. 

See also Attachment A. 
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‘QOJECT COCATlON 
JQOjECT Lo. 3ORING 
ELiVAriON OATE 
CIELD GEOLOGIST 

2RlLLiR 

OR’LL UC 

UET~OO 

CEVE~OPMEht 
UETt40 

ELEVAYION OF TOP OP SURFACE C4SiNG : 
1-1 :LEVAtlON OC TOP OC RISER P’PL: I 

WCK . UP TOP OP SURFACt CASING: 
ITiCK -bP RISER PIPa 

TYPE OF SUMAC1 SEAL; 

I 0. Ot SURCAQ USING; 
WPC OP SURPACE USIN- 

I 

I 

1 

MLR PIM 1.0. 
TYPE or Rl%ff PIP@: 

30m4OLE OlAMma: 

WM oc 3ACKPlLL 

ELEVArlON I OmM TOP oc SW 
I 

WM ot SEAL: , I 
I 

OtPTM TO) 01 SAN0 PACK: 
I 

tLNAnON I OVrn TOP 01 SCREEN: 
! 
I 

WM 03 xnIIN! I 

SLOT Sltl I LENGTH: 

I 0. oc SCRIR~ 

wrl OC UN0 PACK: 

i 

4 ; LLCVAnON I OC??H OI Wou: I 
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BOREWOLL OIAMETER: 

PIRM. -SING 1.0. 

ELEVATION I DEPtFl TOP CONIINING UY El: 
ELWATION I DEPTH BOTTOM OF CASING: 
ELEVATION I DEPTH IOT. CONFINING ‘AY ER: 

ELEVATION I OLPTH TOP OF SEAL: 

OEPW TOP OC SAN0 PACE 

ELEVAtlOFUOEPTl4 TOPOFtitlN: 
NPI OF SCRtlN: 

NPE OF SAN0 PACK: 

BORtHOU OIA 3lLOW MNG: 

ELNATIONr OWlI WWOMOP SUIIN: 

ELNATfON I OEPTM OOndM 01 SAN0 PACK: 
Ff PC OF BACKFILL WOW OIIIllVAT!OM 



GROUNOWATER MONITORING 
POINT INSTALLATION 

AnACHMENfC 
PAGE THREE 

$jNU@ 

Q- 
AnJkvtonCompry 

y 

BORING NO 

BEDROCK 
MONITORING WELL SHEET 

OPEN HOLE WELL 

PROJECT 
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ELEVATION 
FYLO GEOLOGIST 

LOCATION 
BORING 
OATE 

DRILLER 
OUILLING 
Mm400 
OEVELOPMENT 
METMOO 

/ GROUNO 
' El 

TO n. 
=\tt=fl 

s 
Ii 
= 
? 

- ELEVATION OFiOP OF CASING: 

- STICX UP OF CASING AIOVt GROUNO 
SURFACE: 

- tY Pt OF SURFACE SEAL: 

I 0. OFClSWG; 
l TYPE OF C*SING: 

TEMP. I MRM.: 

. OlAMETtR 01 l4OLt: 

- WM OF cAslN4 s&AL: 

- OWH TO TOP OP ROCR: 

- oann TO lonoM WNG: 

03319tM 
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MONITORING WELL SHEET 

‘ROJECT 
‘ROlECl NO. 
LEVATION 
IELD GEOLOGIST 

WELL INSTALLED IN BEDROCK 
DWLER 

LOCATION OftILLING 
8OAlNG ~blETU00 
DATE oNECOPMtNT 

MEW00 

’ ELfVATlON OF TOP OC.SURCACE -SING : 
ELEVATION OC TOP Ot RISER PIPI: 
EC5VATlON TOPOC PEAM. CASING: 
TYPE OF SURFACE SEAL: 

1.0. OF SURFACt CASING. 
TYPE OF SURFACE CASING: 

RISER PIPE 1.0. 
TYPE Of RISER PIPL: 

aOREH01E OUM~R: 

PERM. CASING 1.0. 
TYPE Of CASINO & EACKRLL; 

ELEVATION I OtPTH TO BEOROQ<: 
ELNAtlOWOtPTH LlOTTOM OF CASING: 

ELEVATION I OLPTH tOP OC SLM: 
rYPI Of SEAL: 

ELEVATION I OWl’H TOP OP SAN0 PACK: 

I RPC or wo ma: 

I I ELEVATION I otm 8OlToM oc ScRmu: 

t 
’ ELSVATlON/OWTM~OlTOM~SMOPACK: 

WI OC IACICCIU WOW OmWVATION 

ELLVATION I omn oc 

I 

I 

I 

I 

I 

c 

! 

! 

.- 

I 

. 

I 

I 

I 

I 

I 

I 

I 

I 

I 
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JRILLJR 

LOCATION 
BORING 

~RILL,YG 

DATE 

ELtVA~fON OC YOP O? SURFACt CASiNG. 
! 

SWK CP Or CASING AaOVE GROUNO 

WP? OF IACKflLL; 

?LEVAt:ON I OtcN tO@ OP (@AL; 
-c tLLVAtlON I OtPl’H 701 OP (#Oaoo<: 
tlfli 

SLOT SiTI I LINGTW I 
I 
I 

VW or SAN0 PACK: 
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1.0 PURPOSE 

The Oblectlve Of this procedure is t0 prowde general reference Information and technical guidance On 
the measurement of hydraulic head levels and the deterrnmation Of the direction Of groundwater 
flow, using contour maps of the water table 01 the potentiometm surface of an unconfined of _. 
confined aquifer. 

2.0 SCOPE 

This procedure giva overall technical guidance for obtaming hydraulic hedd measurements in we/IS 
(frequently conducted in conjunction with groundwater sampling) and preparation Of groundwater 
contour maps. The specific methods could be modified by requirements of pto)ect-Specific piat%. 

3.0 GLOSSARY 

Hvdraulic Head- The height to which water will rise in a well. 

Water Tabi* - A surface in an unconfined aquifer where groundwatn pressure is equal to 
atmospheric pressure (i.e., the pressure head is zero). 

Potentiometric Surfacq - A surface which is defined by the levels to which water will rise in wells 
which are screened or open in a specified tone of an unconfined of confined aquifer. 

Unconfined (water table) Aauifer - An aquifer in which the water table forms the upper boundary. 

Confined Aauifer - An aquifer confined between two low permeability Iay8rs (aquitards). 

Artesian Condition1 - A common condition in a confined aquifer in which the water level in a well 
completed wcthin the aquifer rises above the top of the aquifer. 

Flow Net -A diagram of groundwator flow, showing flow lines l ndequipotentirl lines. 

Flow tint - A line indicating the direction of groundwater movement within the saturated zone. 
Flow lines are drawn perpendicular to equipotentirl line% 

biootential m - A contour line on the potentiometric surface’or water table showing uniform 
hydraulic head Iw&. Equipotential lines on the water tablo are also cal!ed water-tabkcontour lines. 

4.0 usmmmms 

ProiM Hvdrm - has overelI ‘responsibility for obtaining wrtar Ievil measurements and 
developing groundwatw contour ma(K The hydrogeologist shall specify the referone. point from 
which water hveh are mmsured (usudly a specific point on the um .&go of the innor WON casing), 
the number of data points nmed@d and which wells shall k used for a contour map, and how many 
ComPbt8 Ho of water Ievals 110 required to adequately dofino groundwm flow directions (e.g., if 
there are seasonal variations). 

Field Personnfi - must hrvo a basic familiarity with the equipment and procedures involved tn 
obtaining water levels, and must be aware of any project-specific requirements. 
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5.0 PROCELMES 

5.1 GENERAL 

Groundwater level measurements can be made in monitoring wells, private or public water wells, 
plezometen, open boreholes, or test pits (after stabllizatlon). Groundwater measurements should 

_ generally not be made in boreholes with drilling rods or auger flights present. If groundwater 
sampling activities are to occur, groundwater level measurements shall take place prior to well 
evacuation or sampling. 

AII groundwater level measurements shall be made to the nearest 0.01 foot, and recorded In the 
geologrst’s field notebook or on the Groundwater Level Measurement Sheet (Attachment A), along 
with the date and time of the reading. The total depth of the Well shall be measured and recorded, if 
not already known. Weather changes that occur over the period of time during which water levels 
are being taken, such as precipitation and bariometric pressure changes, should be noted. 

In measuring groundwater levels, there shall be a clearly-established reference point of known 
elevation, which is normally identified by a mark on the upper edge of the inner well casing. The 
reference point shall be noted in the field notebook. To be useful, the reference point should be tied 
in with an established USGS benchmark or other properly surveyed elevation datum. An arbitrary 
datum could bo used for an isolated group of wells if necessary. 

Cascading water within a borehole or steel well casings can cause false readings with some types of 
sounding devices (chalked line, l lectncal). Oil layers may also cause problems in determining the true 
water level in a well. Special devices (interface probes) are available for measuring the thickness of 011 
layers and true depth to groundwater if required. 

Water level readings shall be taken regularty, as recquired by the site hydrogeologist Monitoring 
wells or open-cased boreholes that are subject to tidal fluctuations should be read in conjunction 
with. a tidal chait (or preferably in conjunction with readings of a tide staff or tide level recorder 
installed in the adjacent water body); the frequency of such readings shall be established by the site 
hydrogeologrst. All water level measurements at a site used to develop a groundwater contour map 
shall be made in the shortest practical time to minimize affects duo wrathor changes, and at least 
during the same day. 

5.2 WATER LEVEL MLASURING TKHNIQUES 

There are severat methods for determining standing or changing water Ievds in boreholes and 
monitoring wells. Mn methods have penicular advantages and disadvantages depending upon 
well conditio_m A geeleref description of these methods is presented, dong with a listing of various 
advantages and disedvantagee of each technique An effective technique shall be selected for the 
particular site conditions by the onsite hydrogeologist. 

In most instancee, preparation of &rat. potenti.otnetric surface requiree that static water level 
measurements be obtained to e precision of 0.01 feet. To obtain such measurements in individual 
accessible wells, the ChalkedTape or Electrical Weter Level Indicator methods hew been found best, 
and thus are the meet often utilized. other, less precise methods, such as the Popper or 8eil Sound or 
8ailer tine methods, may be l ppropriata for developing prelimiw estimetee of hydraulic 
condition When a large number of (or continuous) readings. are required, time=consumlng 
individual feedings are not usually feasible. In such cases, it is best to uw the float Recorder or 
Pressure Transducer methadr When conditions in the well limit readings (ie., turbulence in the 
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,water surface or limIted access through small diameter tubing), less precise, but appropriate, methods 
such as the AIM Line or Capillary Tubing methods can be used- 

5.2.1 Methods 

Water levels can be measured by several different techniques, but the same steps shall be followed ln 
- each case. The proper sequence is as fOllOWS: 

t. Check operation of recording equipment above ground. prior t0 Ophng th Well, don 
personal protective equi pmeni as required. 

2. Record all information specified below in the geologist’s field notebook 01 On the 
Groundwater Level Measurement Sheet. 

a. Well number. 
b. Record water level to the nearest 0.01 foot (0.3 cm). Water levels shall be taken from 

the surveyed reference mark on the top tige of the inner well casing. 
C. Record the time and day of thi measurement. 

Water level measuring devices with permanently marked intervals shall be used when possible. If 
water level measuring devices marked by metal or plastic bands clampd at intervals along the 
measuring line are used, the spacing and accuracy of thm bands shall b checked frequently-as they 
may loosen and slide upor down the line, resulting in inaccurate reference points (see Section 5.2.3). 

5.2.2 Water lovol Menurina Oovicq 

Chalked Steel Tapa 

The water level is measured by chalking a weighted steal tape and lowering it a known distance (to 
any convenient whole foot mark) into the well or borohdo. The water level is determined by 
subtracting the wetted chalked mark from the total length lowered into the hole. 

,The taPe shall bo withdrawn quickly from the well becruu water has a tendency to riu up the chalk 
due to capillary action. A watt finding paste may bo used in placa of chalk. The past@ is spread on 
the tape the same way as the chalk, and turns red upon contacting water. 

Disadvantages to this method indudo the following: depths are limited by the inconvenience of 
using heavier wigh% to propwly tension longer tam lengths; irnffectivo if borehole/vvdl wall is wet 
Or inflow is ocCurring above the static water Iovd; chalking the trpo is time consuming; difficult to 
use during ~ad~ofpmipitation. 

fhe~@ d&s consist of a spdd of smalldirmetof cable l 4 l weight& prda l t&bd to the end. 
When the PIok comes in contact with the water, an electrical circuit is cloWq and l , meter, light, 
and/or buuer l tachod to the sp004 till sign4 the ~0f7ta 

There are a numb of COmmWCial Jectric sounders avrilablo, nono of which is entinly reliable under 
all conditions likely to occur in l corrtrminated monitoring wok In c,aitiom whm ~~ is 011 on 
the w*tw, groundwater with high specific conductance, water cascading into the wdl, steel W~II 

caring, Or l turbulent w8tW suffaco in the well, measuring with an Jectric sounder may be difficult. 
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‘or accurate readings, the probe shall be lowered SlOwly into the well. The electrrc tape is marked at 
tne measuring point where contact wtth the water surface was indicated. The distance from the mark 
:o the nearest tape band is measured using an engineer’s folding ruler or steel tape and added to the 
band reading to obtain the depth to water. If band is not a permanent marking band, spacrng shall 
be checked perlodlcally asdescrlbed in Section 5.2.3. 

- Popper or Bell Sounder 

A bell- or cup-shaped weight that is hollow on the bottom is attached to a measuring tape and 
lowered into the well. A #plopping” or “popping” sound is made when the weight strikes the surface 
of the water. An accurate reading can be determined by lifting and lowering the weight in short 
strokes, and reading the tape when the weight strikes the water. This method is not sufficlentty 
accurate to obtain water levels to 0.01 feet, and thus is more appropriate for obtaining only 
approximate water levels quickly. 

I 
Float Recordrr 

A float or an electromechanically actuated water-seeking probe may be used to detect venical 
changes of the water surface in the hole. A papertovered recording chart drum is rotated by the up 
and down motion of the float via a pulley and reduction gear mechanism, while a ctock drive moves a 
recording pen horizontally across the chart. To ensure continuous. records, the recorder. shall be 
inspected, maintained, and adjusted periodically. This type of device is useful for continuously 
measuring periodic water level fluctuations, such as tidal fluctuations or influences of pumping wells. 

I Air Line 

An air line is especially useful in pumped wells where water turbulence may preclude the use of other 
devices. A smalldiameter weighted tube of known length is installed from the surface to a depth 
below the lowest water level expected. Compressed air (from a compressor, bottled air, or air pump) 
is.usod to purge the water from the tuk, until air begins to escape the lower end of the tube, and is 
seen (or heard) to be bubbling up through the water in the well. The pressure needed to purge the 
water from the air line multiplied by 2.307 (feet of water for 1 psi) ‘equals the length in feet of 
submerged air line. The depth to wrtor b&w the center of the pressure grugo can be calculated by 
subtracting the length of air line below the water surfaceSfrom the total length of the air line. . 

I 

The disadvantage to this method in&do the need for an air supply and lower level of accuracy 
(unless a very accuraw air pressure gauge is used, this method cannot be used to obtain water level 
readings to the nearest 0.01 ft). 

I Capillary Tu@w 
. 

In small diamtior pietom& tubing, water IevM are dotermined by using a capillary tube. Colored 
or clear water is placed in a small ‘lJ’-shrped loop in one end of the tuk (the rest of the tube 
contains air); The othm end of the capillary tube is low- down the pi~om~er tubing until the 
water in the,loop moves, indicating that the water IW has beorl reached. l’ho point is then 
measured from the bottom of the capillary tube or recordad if the capillq tuk is calibrated. This IS 
the best method for VW small dirmmm tubing monitoring systems such as errcad and other 
multilevel sampk Unless the upillry tube is crlibrat+d, hrvo paoplo mry k required to measure 
the length of capillary tubing used to reach the groundwatw. Since the piozometer tubing and 
capillary tubing usually are so&what coiled when installed, it is difkult to accurately measure 
absolute water level elevations using this method. However, the method is us&l in accurately 
mersuring differences or changes in water levels (i.e., during pumping ta). 
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Pressure Transducer 

pressure transducers can be lowered into a well or boreholt to measure the pressure of water and 
therefore the water elevatton above the transducer. The transducer IS wired Into a recorder at the 

surface to record changes In water level with tlme. The recorder digrtttes the informatlon and can 
- provide a prlntout or transfer the information to a computer for evaluatron (using a well 

drawdownkecovery model). The pressure transducer should be initially calibrated with another 
water level measurement technique to ensure accuracy. This technique IS very useful for hydraulic 
conductivity testirig in highly permeable material where repeated, accurate water level 
measurements are required in a very short period of time. A sensitive transducer element IS required 
to measure water levels to 0.01 foot accuracy. 

8orehote Geophysics 

Approximate water levels can be determined during geophysical lo&g of the borehole (although 
this is not the primary purpose for geophysrcal loggtng and such logging is not cost-effective if used 
only for this purpose). Several logging techniques will indicate water level. Commonly-used logs 
which will indicate saturatedhnsaturatd .conditions include the spontaneous potential (SP) log and 
the neutron log. 

Briler line Mettwd 

Water levels can be measured during a bailing test of a well by marking and measuring the bailer line 
from the bottom of the bailer (where water is first encountered) to the point even with the top of the 
well casing. This is a useful technique during bailing tests (prrticular(y if recovery is rapid) if the bailer 
is heard hitting the water. However, it is not recommended for measuring static water levels because 
it is not usually as accurate as some of the other methods described above. .’ 

5 ,a I 
5.2.3 Oata Recordinq 

Water level measurements, time, data, and weather conditions shall be recorded in the geologist’s 
field notebook or on the Groundwater Level Measurement Sheet All water level measurements shall 
be measured from a known reference point. Ihe reference point is generally a marked point on the 
upper edge of the inner well casing that has been survay& for an l lwation. The exact reference 
point shall ba marked with parmanent ink on tha casing since the top of the casing may not be 
entirety level. It is important to note changes in weather conditions because changes in the 
barometric pgs$un may affect the water level within the well. 

5.2.4 . , m Procedures for Water tevei Measunna Dena 

All groundwater Iwol meesurernent dwicos must bo cleaned before and after each use to prevent 
cross contamination of wells 

Some devices used to measure groundwater levels may nd to be calibrated. Th& devices shall be 
calibrated to 0.01 foot accuracy periodically. A water lavaI indicator calibration shaat shall be 
completed each time the measuring dwice is checked. A water level indicator cJibratidn form IS 
shown in Attachment A. The ‘actud reading’ column on the sheet is the actual length of the inten/al 
from the end of the indicator to the appropriate marked dm interval. In many cases, these 
measurements am different because the water level measuring dovice is connected to the ind of the 
measuring tape or line, and may extend beyond ‘0’ feet on the meesuring line. 

0334901 
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5.3 POTENTlOMETRlC SURFACE MAPPING 

5.3.1 Selection of Wells 

All wells used to prepare a flow net in a plan or map view should represent the same hydrogeologlc 
unit, be It aquifer or aquitard. All water level measurements used shall be collected on the same day. 

Before mapping, review the recorded water levels and monitoring-well construction data, site 
geology and topographic setting to ascertain that the wells are completed in the same hydrogeologlc 
unit and to determine if strong vertical hydraulic gradients may be present. Such condittons will be 
manlfested by a pronounced correlation between well depth and water level, or by a difference in 
water level between two wells located near each other but set to different depths or having different 
screen lengths. Professional judgment of the hydrogrologist ir important in this decision. If venical 
gradients are significant, the data to be used must be limited venically, and only wells finished in a 
chosen vertical zone of the hydrogeologic unit can be used. 

At least three wells must be used to provide an estimation of the direction of groundwater flow, and 
many more wells will be needed to provide an accurate contour map. Generally, shallow systems 
require more wells than deep systems for accurate contour mapping. 

I 5.3.2 Sonstruction of Eauiootrntial link 

Plot the water elevations in the chosen wells on a site map. Other hydrogeologic features associated 
with the tono of interest - such as seeps, wetlands, and surface-water bodies - should also be plotted 
along with their elevations. 

The data should then be contoured, using mathematically valid and generally accepted techniques. 
Linear interpolation is most commonly used, as it is the. simplest technique. However, quadratlc 
interpolation or any technique of trend-surface analysis or data smoothing is acceptable. Computer- 
generated contour maps may be useful for large data sets. Contour lines shall be drawn as smooth, 
continuous lines which never cross one another. 

Inspect the contour map, noting known features, such as pumping wells and site topography. The 
contour lines must be adjusted in accordance with theso, utilizing the professional judgment of the 
hydrogeologist. Closed contoun should be avoided unless a known sink exists. Groundwater 
mounding is common under lrndfills and lagoons; if the data imply this, the feature must show in the 
contour plot 

I S-3.3 m Of GfOun&gtor-Flow Oirrctipp 

Flow lines s&II k drawn so that thy are perpendicular to equipotantial lines. Flow lines will begin 
at high head elevations and end at low.hoad l lovatiom. Cloud highs will bo the source of additional 
flocri, lines. Closed depressions will k the termination of some flow lines. Cara must ba used in areas 
with significant vertical gradients to avoid erroneous coridusions concoming gradients and flow 
directions. . 

I 
5.4 HEALTH AN0 SAPtpi CONUDIRATIONS 

Groundwater contaminated by volatile organic compounds may release toxic vapors into the blr 
space inside the well pipe. l’ho release of this air when the wall is initially opened is a HealWSafety 
hazard which must be considered. Initial monitoring of the well ‘hoadspaco and breathmg zone 
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Concentraflons using a PID (HNU) or FID (OVA) and combustible gas meters shall be performed to 
determine required levels of protectton. 

6.0 REFERENCES 

Freeze, R. A. and 1. A. Cherry, 1979. Groundwater. Prentice-Hall, Englewood Cliffs, NCw Jersey, 
- 604~~. 

Cedergren, H. R., 1977. Seeoaae. Orainaae and flow Nets (2nd edition). John Wiley, and Sons, 
New York. 

Fetter, C. W., 1980. Aoolied Hvdroaeolocly. Me I, Columbus, Ohio, 488 pp. 

7.0 A~ACHME~U~ 

Attachment A - Groundwater Level Measurer meet 

Attachment 8 -Water Level Indicator Calibration Sheet. 



SUO)Cct 

WATER LEVEL MEASUREMENT/ 
CONTOUR MAPPING 

Vumbrr pago 
GH-2.5 9of JO 

Revlslon Effeme Oar 
1 0 s/o490 

Al7ACHMENf A 

CROUNOWATER LEVEL MEASUREMENT,SHEET 

Project Name: 
Project No.: 
Personnel : 
Date: 

Temperature Range: 
Precipitation: 
Barometric Pressure: 

Tidally-Influenced: 

LOCATION 

Municipality: 
County: 
State: 
Street Qr 
Map Location 
(If Off-SiG) 

WEATHER CONOITIONS 
. 

Equipment No.: 
Equipment Name: 
Latest Calibration Oate: 

[ INo 

9 

Well or Elevation of Water Levd Adjusted 
Pietometer Date/Time Reference Point Indicator Depth 

Groundwater 

Number (Feet)* Reading (Feet)* (FwW 
Elevation (Feet)* 

I 1 

I 

7 

I 

l 
All Mvrtions to. noart 0.01 foot 
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AlTACHMENt B 

WATER LEVEL INOICATOR CALlBRATlON SHEET 

- Project Name 

Project No. 

Equipment No. 

Equipment Name 

Date 

Water Level 
Indicator 

Marking (Fm) 

Actual Reading* (Feet) 

0.0 

5.0 

10.0 

15.0 

20.0 

25.0 

30.0 

35.0 

40.0 

45.0 

SO.0 

ss.0 

60.0 

66.0 

70.0 

75.0 

80.0 

BS.O 

90.0 

9f.O 

100.0 

* ‘Record roedings to the naamt 0.01. foot. The actual riding may k different 
than marking bocausa the water 1~01 measuring dovido (dwtrodo, popper, 
etc.) may oxtend beyond the ‘0’ feet mark on the mewring Iin@, 
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CHAIN-OF-CUSTODY FORM AND SAMPLING FORM 



I NUS CORPORATION CHAIN OF CUSTODY RECORD 1 

PROJECT NO.: SITE NAME: 

I I 
SAMPLERS (SIGNATURE): 

NO. 

I REUNGUISHEO BY (SIGNATURE): DATE/TIME: RECEIVE0 BY (SIGNATURE): 

‘REUNDUISHED BY [SIGNATURE): 
I 

DATE/TIME: RECEIVED BY (SIGNATURE): 

1 I 
REUNQUISHED BY (SIGNATURE): DATE/TIME: RECEIVED FOR lABORATORY BY 

I 
(SIGNATURE): 

I 
NusuowrMM 

REMARKS 

I 
REUiUQUlBHED BY (SIGNATURE): DATE/TIME: RECEIVED BY (SIGNATURE): 

I 

DATE/TIME: [REMARKS: 

I 1 



A Halliburton mywrY 0 Domestic Well Data 
0 Other 

Case X 

BY 

Project Site Name 

NUS Source No. 

Project Site Number 

Source Location 

otal Well Depth: 
Veil Casing Size s( Depth: 

,tatic Water Level: 
Ine Casinq Volume: 
ltart Purge (hrs.): 
ind Purqe (hrs.): 
‘otal Purqe Time (min.): 
‘otal Amount Purqed (gal.): 
nonltor Readmg: 

‘urqe Method: 
ample Method: 
Iepth Samp!ed: 
,ample Date & Time: 

iampled By: 

iigrlaturg(s): 

Type of Sample 

0 Low Concentration 
i zig: Concentration 

0 CZnposite 
0 Grab - Composite 

Analysis: Preservative 

Volume 1 pH 1 S.C. Temp. (“‘3 1 Color & Turbtdity 
I I 1 

I 
I I 

Sarnole Data 
pH ) S.C. ! Terno. (“C) 1 Color & Turbral tf 

Observations / Notes: 

I 
Traffic Rcoort I 1 

Tag 1) 

Ofgarw I InorganIc 

I -I 

A0# . 

Oatt Shiopad 

! 

Time shtppcd 

Lab 

I 

I 

I 

I 

- 

I Volume 

I I- I 



SAMPLE LOG SHEET 

c Surface Soil c Surface Soil 
c] Subsurface Soil c] Subsurface Soil 
[7 Sediment [7 Sediment 
; Lag;n I Pond ; Lag;n I Pond 

‘age ;t -- 
Case 4 

BY 

Project Site Name Project Site Number 

NUS Source No. Source Location 

Sample Method: 
Sample 

Composrte Sample Data 
Time 1 Coior ’ DewlotIon . 

I Depth Sampled: 

Sample Date & Time: 

Sampled By: 

I Srgnature(s): 
1 

I 1 
I I I 

Type of Sample 

G Low Concentration 
G High Concentration 
$4 Grab 
I 1 Composite 
5 Grab - Composite 

1 

I 
I 

Samole Data 
Color 1 Dercrtpt~on. (SdnO. Gay. Dry, Mow We:, etc.) 

Analysis: 
1 

Observations: Notes 

I 

Traffic ?eoor, I, I 

Crgantc 

Tag # 

I 

3ate Sncooeo i I 
Time Snlooea I 

20 . 

I 

! 

I I 
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